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APPENDIX  A-l 


V 


TDEM  PROFILES  IN  TOANO  DRAW 


IDEM  data  interpretation  requires  designation  of  resistivity  values  to 

materials  followed  by  integration  of  the  data  into  geologic . cross 

sections.  The  profiles  provide  a  tool  for  analyzing  subsurface 
materials.  Profile  transects  were  chosen  for  this  project  to  cover  areas 
of  primary  interest  and  of  greatest  data  density.  Generally,  transects 
that  cross  major  lithologic  boundaries,  structures,  or  zones  of  interest 

are  selected.  In  addition,  one  longitudinal  cross . section  along  the  Toano 

Draw  valley  axis  was  developed. 


...... 


The  results  of  these  profiles,  when  immigrated  with  geologic  and 
hydrologic  data,  assist  in  tlj&»4nterpretiti^n  of  stratigraphic  units  and 
structures.  This  data  is  then  incorporated  into  hydrogeologic  models 
developed  for  the  Toano  Draw  Subbasin. 


Profiles  I,  la,  and  lb 

Three  TDEM  profiles  are  located  in  the  northernmost  portion  of  the 
survey  area  (Figure  3-2).  Pnofile  I  (Figure  A- 1.1)  lies  along  Thousand 
Springs  Creek;  Profiles  la  (Figure  A-l. 2)  and  lb  (Figure  A-l. 3)  are  farther 
north  in  Thousand  Springs  Valley.  These  profiles  indicate  that  more 
complex  subsurface  conditions  exists  here  than  farther  south  in  Toano 
Draw.  Thick  sections  of  relatively  shallow,  low  resistivity,  fine-grained 
sediments  within  most  of  this  area  suggest  a  low  probability  of 
encountering  aquifer  materials.  Drilling  in  this  area  (WCC  wells  TW-1,  MW- 
1,  MW-4,  and  MW-6)  has  produced  only  minor  quantities  of  water.  Aquifer 
tests  performed  on  TW-1  and  MW-1  confirm  low  aquifer  yields. 
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Wells  TW-1,  MW-1,  MW-4,  and  MW-6  are  located  along  Profile  I  at  TDEM 
soundings  EM-20,  EM-21,  and  EM-19,  respectively.  Coarse-grained  materials 
(19  ohm-m)  at  shallow  depths  are  located  beneath  EM-20  and  EM-21.  This  is 
evidenced  by  well  MW-1  vhich  encountered  sand  throughout  its  upper  200 
feet.  However,  pump  tests  indicate  that,  at  least  to  the  north,  apparently 
favorable  resistivities  may  not  reflect  good  water  production.  This 
disparity  may  be  partly  due  to  a  large  volume  of  volcanogenic  material  near 
the  surface  in  the  northern  part  of  the  basin.  As  an  example,  TDEM 
sounding  EM-19  recorded  a  resistivity  value  of  14  ohm-m,  a  favorable  value 
for  water  production.  WCC  well  MW-6,  drilled  at  the  same  location, 

encountered  volcaniclastic  sediments,  generaTl/’ considered  poor  aquifer 

/  f  /  / 

materials,  in  its  upper  660  feet.  N.  / 

Three  TDEM  soundings  located  near  the  valley  margins,  EM-19,  EM-28,  and 
EM-62,  have  higher  resistivity  values  ’fp^efpre ted  as  bedrock  at 
intermediate  depth.  This  was  confirmed  by  well  MW-6  (EM-19)  which 
encountered  Paleozoic  rocks  at  about  630  feet. 

Profile  II 

Profile  II  (Figure  A-1.4),  trends  east  from  near  the  Winecup  Ranch  along 
a  pipeline  road  to  the  southern  base  of  Ninemile  Mountain  (Figure  3-2). 

Pump  tests  of  two  agricultural  Wells,  41-65-35ad  and  41-65-35bd, 
approximately  1  uti le  south  of  EM-57,  indicate  high  hydraulic  conductivities 
and  relatively  high  well  yields  of  600  -1000  gpm  (Guyton  1982).  Projection 
of  these  wells  onto  the  profile  suggests  that  the  water-bearing  unit  falls 
within  the  zone  of  sediments  that  have  measured  resistivity  values 
considered  favorable  for  potential  aquifer  material.  Some  discrepancy  in 
the  thickness  of  the  aquifer  between  the  well  logs  and  the  TDEM  data  may  be 
due  to  the  projection  angle  of  the  wells  along  the  profile. 
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The  TDEM  data  also  suggest  that  distinct  eastern  and  western  aquifers 
may  exist  along  the  profile.  WCC  well  MW-12,  located  about  2  miles  south 
of  the  eastern  zone  and  projected  into  the  profile  at  site  EM-55,  had 
relatively  high  yield.  A  relatively  thick  zone  of  9-13  ohm-m  material 
located  only  beneath  the  western  zone  might  be  attributed  to  an 
intermediate  clay  unit. 


TDEM  data  suggest  that  the  easternmost  part  of  the  profile  overlies  a 
section  devoid  of  coarse-grained  sediments.  The  western  end  of  the  profile 
traverses  a  fault  as  evidenced  by  a  relatively  elevated  basement  at  station 
EM-62. 

Profile  III 

Profile  III  (Figure  A-1.5),  located  in  the  northern  portion  of  Toano 
Draw,  trends  east  from  Indian  Springs  to  the  southern  end  of  Ninemile 
Mountain  (Figure  3-2).  The  transect  overlies  a  relatively  thick  section  of 
coarse-grained  alluvium  which  is  thickest  in  the "central  and  eastern  part 
of  the  valley.  The  intermediate  clay  unit  detected  in  Profile  II  is  absent 
in  this  area.  Volcanic  cla^arfe^restricte.d'  to  the  western  part  of  the 
profile  between  EM-18  and  EM-61 .  The  TDEM  data  indicate  shallow  Paleozoic 
basement  along  the  eastern  part  of  the  profile,  confirmed  by  carbonate 
rocks  outcropping  just  east  of  EM-16. 


Pump  test  data  for  nearby  wells  suggest  the  coarse-grained  material  at 
this  location  serves  as  an  aquifer.  Well  yields  for  agricultural  wells  41- 
65-35ad  and  41-65-35bd,  located  about  k  mile  north  of  EM-23,  are  reported 
to  range  from  600-1000  gpm  (Guyton  1982).  WCC  well  MW-12,  at  site  EM-14 
near  the  center  of  the  profile,  has  also  provided  substantial  yields. 
Fivemile  Draw  well,  located  at  EM-51,  currently  used  as  a  principal 
livestock  well  for  the  area,  is  situated  above  a  significant  thickness  of 
potential  aquifer  material . 
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Profile  IV 

In  the  central  portion  of  Toano  Draw,  Profile  IV  (Figure  A-1.6)  trends 
east  from  exposed  volcanic  rocks  on  the  eastern  flank  of  the  Windmere  Hills 
to  Toano  Draw  well  #1  and  then  trends  northeast  to  the  head  of  Twentyone 
Mile  Draw  (Figure  3-2).  In  general,  the  stratigraphy  along  this  profile  is 
more  complex  and  less  continuous  than  to  the  north.  The  eastern  portion  of 
the  profile  is  composed  primarily  of  a  lower  resistivity,  fine-grained 
unit,  and  a  thin  wedge  of  higher  resistivity  material. 


The  western  portion  of  the  profile  is  composed  of  a  relatively  high 
resistivity  unit.  Located  between  stations  EM-105  and  EM-46  is  a  unit  with 
resistivities  ranging  from  30-35  ohm-m.  This  is  considered  to  be  at  the 
upper  limit  of  resistivity  that  may  indicate  potential  aquifer  materials. 
This  unit  is  overlain  by  a  more  resistive  (65-35  ohm-m)  unit  that  exceeds 
the  resistivity  limits  for  potential  aquifer  materials.  The  three 
westernmost  TDEM  sites  overlie  a  relatively  thin  (200-300  feet  thick)  zone 
of  15-16  ohm-m  material.  Poor  water  production  from  Toano  well  #1  and  WCC 
well  MW-2  and  resistivity  data  from  TDEM  sites  EM-12  and  EM-13,  both 
located  above  this  zone,  suggest  this  unit  is  a  poor  aquifer.  WCC  well 

MW- 16,  a  660  foot-deep  well  drilled  at  station  EM-40,  encountered  little 

/  /  / 

water.  \  \/ ✓‘'"’’’V  /' 


Profile  V  Xy 

Profile  V  (Fy^f'e^-%7)  combines  stations  from  Profiles  III  and  IV 
(Figure  3-2).  Additionally,  stations  EM-47  and  EM-107,  near  the  center  of 
the  profile,  have  been  included.  These  two  stations  overlie  a  relatively 
thick  zone  of  coarse-grained  materials. 


Profile  VI 

Profile  VI  (Figure  A-1.8)  trends  east  along  the  center  portion  of  Toano 
Draw  at  about  the  latitude  of  Hunter  Draw  (Figure  3-2).  It  is  underlain  by 
a  wedge  of  15-30  ohm-m,  coarse-grained  alluvium  near  the  valley  center. 

Well  MW-3,  completed  within  this  zone,  and  MW-15,  projected  from  about  a 
mile  south,  had  relatively  high  pumping  yields. 
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The  stratigraphy  suggested 
coarse-grained  unit  underlying 
units  are  underlain  by  a  lower 
west  dipping  contact. 


by  the  resistivity  data  is  interpreted  as  a 
a  relatively  thick  alluvial  unit.  These 
resistivity  tuffaceous  volcanic  unit  along  a 


W-5  in  the 


Profile  VII 

Profile  VII  (Figure  A-1.9)  trends  east  from  WCC  we 
Deadman  Creek  drainage  to  Eightyfoot  well  (Figure  3?2),.  '  It  is  underlain  by 

a  relatively  thick  section  of  coarse-grained  sediments  near' its  western  end 

along  the  trend  of  Deadman  Creek.  Well  MW-14,  ,dr’il led  near  the  thickest 
part  of  this  unit,  consists  of  coarse  al luvi al  materials  to  507  feet.  The 
lithologic  log  from  Sun  Exploration  SP  3-13,  projected  from  mile  north, 
indicates  800  feet  of  "valley  fill"  at  the  top  of  the  hole.  The  top  of 
volcanic  rocks  occurs  at  a  depth  of  about  1500  feet.  The  TDEM 
interpretation  is  consistent  with  these  well  logs  providing  correlation 
between  the  15-30  ohm-m  unit  and  relaKi^ly/cpaQl-grained  deposits. 


A  relatively  thin  wedge  ^“1*6^18  ohm-m  Sediments,  located  farther  east 
along  the  profile,  is  probably  comprised  of  coarse-grained  materials. 
However,  its  small  volume  may  minimize  its  potential  as  a  significant 
aquifer.  Much  of  the  upper  part  of  the  eastern  portion  of  the  profile  is 
underlain  by  a  rela^Hre^thic^^uript  interpreted  as  volcaniclastic  rocks. 


Almost  the  entire  width  df  the  upper  section  of  the  profile  consists  of 
alluvial  clays.  This  unit  is  present  near  the  ground  surface  near  Toano 
well  #2  (EM-10).  Communications  with  Winecup  Ranch  personnel  indicate  that 
this  well  produces  only  a  few  gallons  of  water  per  minute. 


Resistivity  values  believed  associated  with  volcanic  clays  (<8  ohm-m) 
were  found  at  only  a  few  TDEM  stations  along  the  profile  and  in  SP  3-13, 
indicating  a  unit  rich  in  volcanic  clay  may  be  present  at  depths  greater 
than  1500  feet. 


90270- 1A  CON-6 


The  western  end  of  this  profile  crosses  a  fault  probably  associated 
with  the  frontal  faults  mapped  along  the  eastern  side  of  the  Windemere 
Hills  (Figure  3-1).  Station  EM-6  indicated  a  higher  resistivity  unit, 
believed  to  be  bedrock,  at  a  depth  of  300  feet,  and  well  MW-5,  which 
encountered  bedrock  at  approximately  200  feet,  are  both  believed  to  be 
located  on  the  western,  upthrown  side  of 


Profile  VIII 


Profile  VIII  (Figure  A-1.10)  trends  northeast  across  Valley  P 

,/x,  .  \/ 

southernmost  part  of  Toano  Draw.  A  small  wedge  of  material  with 
resistivity  ranging  from  15-17  ohm-m  occurs  in  the ,,^nter  of  this 


profile.  These  sediments  may  be  comparable  to  coarse-grained  deposits  of 
similar  resistivity  present  in  the  center  of  Profile  VI.  The  drillers  log 
of  a  water  well  in  this  vicinity,  38-67-29d,  shows  relatively  thick 
sequences  of  coarse-grained  material  for,  its  entire  depth  of  792  feet.  A 
high  resistivity  surficial  unit  is  present  and  appears  to  be  generally 
thicker  and  more  extensive  to  the  north*  Alluvial  clays  are  absent  except 
at  the  easternmost  site  (EM-95)  V  s  Tuff aceous  volcanic  rocks  appear  much 
shallower  along  this  profile  than  to  the  north.  This  data  and  the  regional 
gravity  interpretation  by  West  (1987)  suggest  that  the  Paleozoic  basement 
is  shallower  (<6000  feet)  at  Valley  Pass  than  at  areas  to  the  north. 

The  substantj'a)  difference  in  TDEM  values  between  EM-97  and  EM-96  at 
the  western  end  of  the  transect  might  be  attributed  to  faulting.  The 
resistivity  value  of  the  deepest  layer  at  EM-97  is  1140  ohm-m;  however,  at 
EM-96,  a  mile  to  the  east,  the  layer  at  the  same  elevation  records  a  value 
of  140  ohm-m.  This  high  resistivity  layer  is  probably  associated  with 
Paleozoic  bedrock.  It  occurs  at  an  anomalously  shallow  depth  indicating 
the  upthrown  side  of  the  fault  is  to  the  east.  A  similar  northwest¬ 
trending  structure  is  indicated  by  gravity  and  geologic  data.  In  addition, 
the  inversion  curve  developed  for  EM-96  suggests  that  the  fault  is  nearer 
that  site  than  EM-97. 
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Profile  IX 

This  south-trending  profile  (Figure  A— 1.11)  is  located  along  the  north¬ 
eastern  margin  of  Toano  Draw  near  the  head  of  Twentyone  Mile  Draw. 
Resistivity  data  for  this  profile  indicate  subsurface  materials  consisting 
predominantly  of  fine-grained  sediments.  Drillers  logs  of  Toilet  wells  #1 
and  #2,  located  near  soundings  EM-37  and  EM-35,  respectively ,  indicate 
almost  all  fine-grained  materials  and  minimal  water  production.  Inversion 
curves  for  EM-39  and  EM-40,  at  the  northern  portion  of  the  Tine,  suggest  a 
coarse-grained  layer  is  located  near  the  surface.  A  shallow,  thin  layer  of 
higher  resistivity  material  occurs  along  the  reufa'lnder  of  the  profile. 

TDEM  station  EM-40,  at  the  northern  end  of  the'  prof i le,  is  interpreted 
to  lie  above  a  layer  of  coarse-grained  material.  Well  MW-16,  drilled  at 
this  location,  encountered  only  fine-grained  materials  to  a  depth  of  600 

feet  which  conflicts  with  the  TDEM  data.  An  alternative  explanation  for 

.  .. 

this  17  ohm-m  unit  might  be  that  it  is  composed  of  dry  clay. 

An  additional  objective  of  this  transect  was  to  detect  any  groundwater 
pathways  below  Twentyone  Mile  DrawL^The  TDEM  line  was  oriented  normal  to 
the  flow  of  the  surface  drainage.  No  data  were  obtained  which  indicated 
such. 

Profile  X  // — \  \ 

This  northwest-trending  profile  (Figure  A-1.12)  is  situated  primarily 
within  volcaniclastic  sediments.  To  the  east  is  the  contact  between  this 
unit  and  alluvial  fan  deposits  along  the  eastern  margin  of  Toano  Draw. 
Fivemile  Draw  well  is  located  at  the  southern  end  of  the  profile  and 
station  EM-15  terminates  the  northern  end.  In  general,  this  profile 
indicates  a  predominance  of  fine-grained  tuff uceous  and  alluvial 
materials.  The  only  evidence  for  coarse-grained  materials  is  at  Fivemile 
Draw  well  (EM-51)  where  a  thin  layer  was  detected. 
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Profile  XI 

This  north-trending  profile  (Figures  A-1.13a  and  A- 1 . 13b)  provides  a 
longitudinal  section  of  Toano  Draw  along  the  basin  axis  from  Valley  Pass  to 
Thousand  Springs  Valley.  Resistivity  values  indicate  the  southern  two- 
thirds  of  the  profile  are  comprised  mostly  of  coarse-grained  alluvium 
except  beneath  Toano  well  #2  (EM-10)  where  lower  resistivity  material  is 
present  near  the  surface.  The  northern  third  of  the  basin,  i s  underlain  by 
a  thick  sequence  of  material  interpreted  to  be  interbeddfd  welded  and 
tuffaceous  volcanicl astic  sediments  which  provide  a  moderately  high 
resistivity  signature  (28-37  ohm-m).  Volcanically  dirived' clay  layers  were 
detected  in  the  northern  part  of  the  basin  south  of  Thousand  §pfings  Creek 


(EM-58,  EM-23,  and  EM-109)  and  at  the  southernmost  end  of  the  valley  (EM- 
93). 


V 


X 


Profile  XII 


Profile  XII  (Figure  A-1.14),  located  north  of  Montello  in  the  Tecoma 
Valley,  trends  southeast  from  west  of  Dake  Reservoir  to  the  base  of  the 
northern  end  of  the  Pequop  Mountains  (Figure  3-2).  The  transect  overlies  a 
thick  sequence  of  material s  j#rth^'esi stiver ties  ranging  from  24  to  30  ohm- 
meters.  These  resistivity  values  have  been  considered  in  conjunction  with 
other  evidence  to  suggest  that  coarse-grained  sediments  with  relatively 
high  groundwater  transmitting  capabilities  are  present  along  the  profile. 
Evidence  support i ng  this  i n  t  e  r pre tat  ion  includes: 


Relatively  high  water  production  rates  from  large-capacity  wells 
in  the  area  adjacent  to  the  profile. 


"X, 


Well  logs  of  existing  water  wells  indicate  thick  sequences  of 
coarse-grained  materials. 


Gravity  data  suggest  that  thick  sequences  (>9000  feet)  of 
sedimentary  material  exist  in  the  area. 
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The  TDEM  data  suggest  that  the  bottom  of  the  coarse-grained  unit  overlies 
low-resistivity  materials,  interpreted  to  be  volcaniclastic  clays.  The 
presence  of  alluvial  clays  (8-15  ohm-meters)  is  indicated  at  the  southeast 
end  of  the  transect.  A  wedge  of  alluvial  clays  is  also  indicated  at  the 
northwest  end  of  the  profile.  The  difference  in  the  apparent  bedrock  depth 
between  soundings  EM-69  and  EM-68  is  believed  due  to  faulting. 
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APPENDIX  A-2 


CORRELATION  OF  TDEM  DATA  WITH  WCC  MONITORING  WELLS 


/> 
/  \ 


TDEM  soundings  were  conducted  at  each  WCC  monitpt^^weTT  to  correlate 
resistivities  with  borehole  lithologic  and  geophysical  logs.  Geophysical 
methods  used  in  most  of  the  WCC  wells  include  short  and  long  normal 
resistivity  (16  inch  and  64  inch,  respectively),  natural  gamma,  spontaneous 
potential  (SP),  three  arm  caliper,  temper  a  tkre\£m  sonic.  The  resistivity 
logs  provide  the  best  correlation  tool;  natural  gamma,  SP,  and  caliper  logs 
were  also  used  for  correlation.  No  attempt  was  made  to  correlate  the 
temperature  and  sonic  logs.  \ 

The  TDEM  method  is  best  used  to  define  the  depth  of  the  interface 
between  a  resistor  overlying  a  conductor  or  geologically,  a  coarse-grained 
unit  overlying  a  finer-grained  deposit.  Depths  of  units,  chosen  using  the 
TDEM  method,  may  vary  from  those  recorded  by  well  logs  by  up  to  25  percent, 
with  some  sites  showing  much  better  agreement.  Several  factors  might 
contribute  to  discrepancies  between  the  two  sets  of  data  at  a  particular 
site:  / 


TDEM  soundings  measure  the  average  resistivity  of  a  large  volume  of 
material.  Borehole  resistivity  measurements  sense  materials  only 
within  about  1  foot  from  the  boring  wall,  thus  providing  a  value 
representative  of  an  adjacent  and  much  smaller  volume  of  material. 


The  TDEM  modeling  inversion  assumes  a  one-dimensional  section; 
vertical  changes  in  resistivity  (layers)  are  analyzed,  lateral 
changes  are  not.  Thus,  if  lateral  differences  exist,  they  are 
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averaged  by  the  program.  This  may  result  in  significant  errors  in 
depth  estimation.  This  would  be  particularly  critical  if  the  well 
is  located  in  a  small,  geologically  distinct  area  within  but  not 
representative  of  that  covered  by  the  TDEM  sounding. 


Borehole  resistivity  values  may  not  be  corrected  for  drilling  mud 
resistivities. 


MW-1 ,  EM-20 

The  inversion  for  TDEM  station  EM-20  defines  an  average  resistivity  of 
about  19  ohm-m  for  the  upper  900  feet.  Well  MW-1,  drilled  to  550  feet, 
maintains  an  average  resistivity  of  9-14  ohm-m  to  40%  feet.  Resistivity 
values  increase  significantly  to  50  ohm-m  in  the  bottom  150  feet  of  the 
well.  This  area  is  underlain  by  large  volumes  of  acidic  volcanic  rocks 
which  may  contribute  to  this  large  increase  in  resistivity. 


Pump  tests  performed  at  this  well 


ulted  in  poor  yields. 


MW-2,  EM-13 

TDEM  station  EM-13  defines  a  15  ohm-m  layer  to  175  feet  overlying  a  10 
ohm-m  layer.  The  15  ohm-m  is' 'marginal  ly  within  the  range  of  potential 
aquifer  values.  Resistivity  logs  for  MW-2  show  a  uniform  5-10  ohm-m  unit 
from  the  beginning  jafntJffling  at  125  feet  to  TD  at  601  feet.  Both  methods 
suggest  a  clayey  sequence  with  little  water  production  as  evidenced  by 
relatively  poor  well  yields  in  MW-2  and  several  other  wells  to  the  south 
and  southwest.  Thi  water  table  measured  in  well  MW-2  at  180  feet  coincides 
with  the  change  in  resistivity  from  15  to  10  ohm-m  measured  by  the  TDEM 
method.  Thus  the  TDEM  sounding,  at  this  site,  probably  identifies 
saturated  conditions  existing  below  the  water  table  surface. 
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MW-3 ,  EM-11 

The  inversion  model  for  sounding  EM-11  results  in  three  layers:  an 
upper,  40-foot-thick,  95  ohm-m  layer;  a  23  ohm-m  layer  to  260  feet;  and  a 
lower,  10  ohm-m  layer.  Well  MW-3  has  good  water  production  and  is  screened 
from  160  to  180  feet  and  300  to  320  feet.  The  electric  logs  show  high 
resistivity  values  from  50-150  feet.  Finer-grained,  8-10  ohm-m  materials 
extend  through  the  rest  of  the  945  foot  well.  Lithologic  Togs  for  this 
well  indicate  a  predominantly  gravel  and  sand  section  to  a  depth  of  750 
feet.  This  is  underlain  by  clay  through  the  bottom  200  feei:  of  the  well. 

The  hiqh  resistivity  values  measured  between  50  and  150  feet  are  probably 

\  / 

due  to  dry,  sandy  gravel.  A  decrease  in  resistivity  below  this  depth  is 
attributed  to  an  increase  in  clay-sized  mate/iarl  within  the  predominantly 

J0  C  6  8 

coarse  sediments. 


Comparison  of  the  TDEM  and  downhole  geophysical  results  indicates  that 
while  general  correlation  is  good,  some  disparity  does  exist.  The  23  ohm-m 
unit  defined  by  the  TDEM  model  is  actually  composed  of  several  units  of 
differing  resistivity.  However,  the  model  does  not  reveal  this 
stratigraphic  complexity. 


MU-4,  EM-21  \  , 

TDEM  data  suggest  that  a  76  ohm-m  unit  occurs  within  the  upper  25  feet 

of  section  at  statj^BTfTCThil.  This  is  underlain  by  20  ohm-m  sediments  to  a 

depth  of  300  feet.  A  6  ohm-m  unit  comprises  the  rest  of  the  sounding. 

Geophysical  logs  of  well  MW-4  indicated  a  20  ohm-m  unit  to  a  depth  of  260 

/  /  „  .  „ 
feet.  This  is  underlain  by  a  unit  that  gradually  decreases  in  resistivity 

to  6  ohm-m  at  the  total  depth  of  375  feet.  Lithologic  logs  indicate  the 

upper  260  feet  consists  primarily  of  sand. 


MW-5 ,  EM-6  and  EM-8 

The  inversion  model  at  EM-6  indicated  an  upper,  40-foot-thick,  173 
ohm-m  layer;  a  6  ohm-m  layer  to  700  foot  interpreted  to  be  volcanic  clay; 
and  a  lower  layer  with  a  resistivity  of  52  ohm-m  interpreted  to  be  basement 
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rock.  Well  MW-5  encountered  Paleozoic  basement  at  280  feet.  This  well 
site  is  located  immediately  west  of  a  range-front  fault  which  appears 
responsible  for  the  shallow  occurrence  of  bedrock  at  this  location. 


TDEM  sounding  EM-8,  a  smaller  loop  placed  within  sounding  EM-6, 
indicated  resistivity  representative  of  basement  rocks  at  a  depth  of  700 
feet.  This  apparent  disparity  is  probably  the  result  of  the  location  of 
the  smaller  loop  over  the  eastern,  downthrown  side  of  the  fault.  In 
addition,  lateral  variations  in  resistivity  values  may  be  caused  by  the 
nearby  fault  and  may  complicate  the  model.  \\ 


MW-6,  EM-19 


/  A 


TDEM  data  at  station  EM- 19  indicate  a  14  oh%fii  .unit  occurs  to  800 

\  '  / 

feet.  This  layer  is  underlain  by  a  43  ohm-m  unit,  interpreted  to  be 
Paleozoic  bedrock.  Lithologic  logs  for  well  MW-6,  however,  report 
limestone  at  a  depth  of  50  feet,  which  is  probably  an  error  in 
interpretation.  Instead,  the  material  at  that  shallow  depth  is  most  likely 
a  carbonate-enriched  alluvial  unit  that  has  become  indurated  so  that  it 
appears  to  be  bedrock.  No  desOHption  of  possible  aquifer  material  is 
reported  in  the  remainder  of  the  hole.  The  downhole  resistivity  survey  for 
well  MW-6  encountered  a  10-15  ohm-m  unit  throughout  the  majority  of  the 
hole.  This  is  similar  to  the  values  reported  from  the  TDEM  model.  In 
addition,  a  30-50  ohm-m  layer,  propably  bedrock,  is  present  through  the 
bottom  50  feet  of  the  hole. 

)) 

MW-12,  EM-14 

TDEM  sounding  EM-14  indicates  a  50-foot-thick  section  of  high 
resistivity  (172  ohm-m)  material  lying  near  the  ground  surface.  This  layer 
is  underlain  by  about  1000  feet  of  coarse-grained  (17-26  ohm-m) 
sediments.  A  low  resistivity  unit  (4  ohm-m)  interpreted  to  be  volcanic 
clay  is  present  below  1000  feet.  Adjacent  TDEM  sites  suggest  the  thickness 
of  the  coarse-grained  unit  decreases  rapidly  away  from  EM-14. 
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Table  B-1.  CHILTON  MONITORING  DATA  AND  RESERVOIR  STAGES 


1  982 

18-Feb 

19-Feb 

23-Feb 

24-Feb 

2-Mar 

9-Mar 

16-Mar 

19-Mar 

23-Mar 

29-Mar 

PRECIPITATION  STATION 

Wilkins 

0.10 

0.10 

Five  Mile  Ranch 

0.10 

0.10 

2.40 

0.10 

Lower  Eccles 

£ 

0.20 

2.20 

0.20 

Twelve  Mile  Ranch 

0.20 

1.20 

1.10 

HD  Summit 

Moor  Summit 

Pequop 

PeauoD  Summit 

Rockv  Point 

Cobre 

STREAMFLOW  STATION 

Wilkins/Wilkins  Canal 

65.00 

2.00 

95.00 

46.00 

22.00 

12.00 

52.00 

WC  Lane/Beaver 

70.00 

77.00 

38.00 

21.00 

27.00 

63.00 

Toano  Draw 

5.00 

0.00 

0.00 

6.00 

0.00 

0.00 

Narrows 

175.00 

51 .00 

20. 0Q 

12,00 

21.00 

43.00 

Rock  Sorinqs  Creek 

100.00 

0.00 

/  0.40 

0.00 

0.00 

0.00 

Eccles  Narrows 

22.00 

20.00 

11 .00 

28.00 

38.00 

Twenty-One  Mila  Jet 

9.00 

10.00 

10.00 

14.00 

Lower  Schoolhouso 

Crittenden  Creek 

4.00 

0.00 

0.00 

0.00 

Rocky  Ford 

8.00 

4.00 

4.00 

5.00 

Highway  30 

2.00 

0.60 

0.60 

 - 

L J 

RESERVOIR  STATION 

Twar.ty-One  Mile 

1 

5189.40 

5189.45 

5189.35 

5189.53 

5189.85 

_ 

Dake 

1 

|  4757.30 

4757.30 

i 

Table  B-1.  CHILTON  MONITORING  DATA  AND  RESERVOIR  STAGES  (continued) 


1  982 

5-Apr 

6- Apr 

1 2-Apr 

1  9- Apr 

4-May 

5-May 

6-May 

2 1 -May 

4- Jun 

1  7-Jun 

PRECIPITATION  STATION 

Wilkins 

6.10 

0.30 

0.10 

0.50 

0.60 

0.30 

Five  Mile  Ranch 

0.20 

0.50 

0.10 

0.30 

0.30 

0.20 

Lower  Eccles 

0.20 

0.50 

0.00 

0.10 

0.60 

0.20 

0.20 

Twelve  Mile  Ranch 

0.60 

0.40 

0.00 

0.10 

0.30 

0.50 

0.10 

HD  Summit 

Moor  Summit 

Pequop 

Pequop  Summit 

Rocky  Point 

Cobre 

STREAMFLCW  STATION 

Wilkins/Wilkins  Canal 

15.00 

54.00 

91.00 

46.50 

26.00 

14.15 

WC  Lane/Beaver 

51.00 

107.50 

64.00 

88.00 

47.50 

24.00 

12.27 

Toano  Draw 

0.00 

0.00 

0.00 

9.00 

0.00 

0.00 

0.00 

Narrows 

26.00 

37.00 

41  .00 

60.00 

34.00 

17.00 

8.30 

Rock  Springs  Creek 

0.00 

0.00 

0.00 

0.00 

0.75 

0.25 

0.00 

Eccles  Narrows 

18.00 

27.00 

37.00 

39.00 

26.00 

1  5.00 

2.80 

Twenty-One  Mile  Jet 

9.00 

12.00 

10.00 

29.00 

21 .00 

15.00 

10.96 

Lower  Schoolhouse 

6.03 

Crittenden  Creek 

0.00 

0.00 

0.00 

0.00 

2.00 

6.00 

0.00 

Rocky  Ford 

5.00 

4.00 

3.00 

4.00 

4.00 

4.00 

2.14 

Highway  30 

0.85 

0.70 

0.50 

1 .00 

0.50 

0.25 

RESEFfVOIR  STATION 

Twenty-One  Mile  1  5190.55 

5190.65 

5191 .57 

5191.80 

5191.70 

5191.45 

5190.65 

Dake  ! 

4757.60 

4757.60 

4757.77 

4757.01 

4757.06 

4756.04 

Table  B  1.  CHILTON  MONITORING  DATA  AND  RESERVOIR  STAGES  (continued) 


1  982 

7-Jul 

20- Jul 

25- Jul 

9-Auq 

20-Auq 

21  -Sep 

22-Sep 

28-Sep 

22-Oct 

22-Nov 

23-Nov 

17-Dec 

18-Dec 

PRECIPITATION  STATION 

Wilkins 

0.90 

0. 10 

0.75 

2.45 

1 .00 

0.50 

0.80 

0.90 

Five  Mile  Ranch 

1.10 

/o.jn 

0.60 

2.30 

1.00 

0.40 

0.80 

1 .00 

Lower  Eccles 

1.10 

0.4  0 

1  .00 

3.00 

0.90 

0.50 

0.90 

1.10 

Twelve  Mile  Ranch 

0.50 

0 .  S  0 

0.70 

3.10 

1.00 

0.50 

1 .40 

1 .30 

HD  Summit 

Moor  Summit 

Pequop 

Pequop  Summit 

Rocky  Point 

Cobra 

STREAMFLOW  STATION 

Wilkins/Wilkins  Canal 

4.48 

1 .25 

0.00 

0.00 

0.00 

0.50 

0.70 

1.06 

1.50 

1  .50 

WC  Lane/Beaver 

3.05 

0.00 

0.00 

0.54 

0.93 

1 .49 

1.40 

1 .71 

2.04 

Toano  Draw 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Narrows 

0.85 

0.75 

0.50 

1*50 

V  1S27 

0.70 

1.50 

1  .50 

Rock  Springs  Creek 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Eccles  Narrows 

0.24 

0.25 

0.01 

0.25 

\  0.50 

..  0.06 

0.00 

1 .00 

Twenty-One  Mile  Jet 

1 1 .30 

8.81 

7.80 

10.17 

9.40 

7.73 

- - - 

7.11 

6.94 

Lower  Schoolhouse 

3.71 

0.25 

3.84 

3.80 

5.72 

/  4 . 56 

_ 

4.00 

3.00 

Crittenden  Creek 

1.36 

2.03 

0.00 

0.44 

0.00 

0.00 

\S 

0.00 

0.00 

Rocky  Ford 

2.00 

1.33 

1  .00 

1.00 

2.46 

f  /2.83 

2.37 

1 .65 

Hiahwav  30 

I  0.25 

0.00 

0.00 

0.05 

/ 

0.03 

0.06 

1  RESERVOIR  STATION 

Twenty-On®  Mile 

15189. 05 

5188-G6 

5185.74 

5183.601 

51 83.25 

5182.07 

5180.84 

5179.85 

Dake 

I  4755.53 

4754.54 

4754.45 

4754.64 

4755.29 

4755.56 

Table  B-1.  CHILTON  MONITORING  DATA  AND  RESERVOIR  STAGES  (continued) 


Table  B-1.  CHILTON  MONITORING  DATA  AND  RESERVOIR  STAGES  (continued) 


1983| 

2-May 

16-May 

1  7-May 

1  -Jun 

1  6-Jun 

17-Jun 

1  -Jul 

1  4  -Jul 

1  5-Auq 

1  -Sep 

23-Sep 

PRECIPITATION  STATION 

2.70 

0.30 

0.40 

1.15 

0.00 

0.20 

0.60 

0.40 

2.30 

0.40 

0.30 

1.50 

0.00 

0.30 

1.40 

0.50 

2.00 

0.40 

0.40 

1 .30 

0.20 

0.20 

1.40 

1 .20 

Twelve  Mile  Ranch 

Tv30 

0.50 

0.20 

2.30 

0.00 

0.30 

2.40 

1 .50 

HD  Summit 

2.30 

V  0.10 

1 .20 

0.20 

0.90 

1 .90 

0.70 

\  0.40 

1.10 

0.10 

0.30 

1 .30 

1.10 

P«nuon 

1.20 

0,90 

0.40 

1.80 

0.00 

1.80 

Rockv  Point 

1.20 

1 .20 

■  '  — - 

I  Cobra 

STREAMFLOW  STATION 

Wilkins/Wilkins  Canal 

98.34 

37.69 

54, 84 

19.54 

6.92 

3.22 

1 .07 

1  .00 

WC  lane/Beaver 

109.38 

45.1  1 

56.96 

17.89 

4.47 

1 .98 

0.84 

0.66 

loan©  Draw 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Narrows 

103.94 

44.57 

57.78 

14.96 

3.50 

0.90 

0.50 

0.1  1 

Rock  Sprlnqs  Creek 

6.50 

5.00 

5.00 

6.20 

0.00 

0.00 

0.00 

0.00 

Eccles  Narrows 

97.34 

46.09 

50.25 

15.86 

1 .00 

0.50 

0.02 

0.04 

Twenty-One  Mile  Jet 

89.62 

57.79 

41 .70 

28.03 

19.60 

0.27 

7.68 

5.69 

Lower  Scboolhouse 

29.17 

16.74 

7.89 

6.52 

2.48 

Crittenden  Creek 

0.00 

0.00 

2.82 

2.00 

0.00 

0.00 

►  1.58 

0.00 

Rockv  Ford 

'  55.16 

42.59 

20.04 

16.64 

6.18 

6.08 

5.20 

3.12 

!  30 

i  1.50 

1 .50 

1.50 

2.00 

K50 

1.50 

1.00 

1 .50 

RESEfWOiR  STATION 

Twenty-On®  Mile 

1  5192.60 

5192.15 

5191.90 

5191.53 

5190.00 

51 88.65 

5186.80 

51 84.75 

Dak® 

I  4761.65 

4761.85 

4762.20 

4761.85 

I  4761.40 

4760.95 

i  4759.85 

4758.90 

Table  B-1.  CHILTON  MONITORING  DATA  AND  RESERVOIR  STAGES  (continued) 


1  986 

18-Feb 

24 -Feb 

3-Mar 

1  0-Mar 

17-Mar 

24-Mar 

31  -Mar 

7APr 

1 8-Apr 

24 -Apr 

7-May 

5-Jun 

PRECIPITATION  STATION 

Wilkins 

1.40 

0.70 

0.1  5 

0.35 

0.00 

0.00 

0.20 

0.70 

0.90 

0.45 

Five  Mile  Ranch 

Koo 

0.60 

0.00 

•  0.10 

0.50 

0.00 

0.00 

0.50 

1.10 

1.20 

0.20 

Lower  Eccles 

0.70 

0.80 

0.20 

0.70 

0.00 

0.00 

0.90 

1 .30 

0.80 

0.30 

Twelve  Mile  Ranch 

1.20 

0.50 

0.00 

0.15 

0.60 

0.00 

0.00 

0.40 

1 .75 

1.60 

0.40 

HD  Summit 

1.90 

1 .00 

0.30 

0.90 

0.00 

0.00 

0.30 

1.10 

1 .40 

0.70 

[Moor  Summit 

1.40 

0.60 

o.fo 

0.10 

1 .30 

0.10 

0.00 

0.50 

2.05 

0.10 

1 .60 

0.00 

Peouoo 

Peauop  Summit 

0.10 

0.30 

1 .60 

0.00 

0.30 

1 .60 

0.95 

2.40 

0.20 

Rocky  Point 

Cobre 

J.55 

0.00 

0.20 

0.25 

1.65 

1.70 

0.60 

STREAMFLOW  STATION 

/  $ 

Wilkins/Wilkins  Canal 

300.00 

150.80 

72.70 

WC  Lane/Beaver 

63.50 

174.10 

74.70 

59.36 

40.60 

26.14 

37.38 

34.50 

26.88 

19.69 

6.1 1 

Toano  Draw 

0.00 

0.00 

0,00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Narrows 

Rock  Springs  Creek 

12.90 

0.00 

0.00 

0.01 

“0.25 

0.00 

o:to 

3.10 

2.00 

2.00|  0.25 

Eccles  Narrows 

430.00 

63.10 

66.60 

66.20 

47.78 

16.80 

19.49 

34.02 

21.77 

28.58  0.05 

Twenty-On®  Mile  Jet 

16.80 

9.00 

73.50 

55.68 

51.52 

26.18 

20.33 

29.97 

32.64 

19.25  11.73 

Lower  Schoolhouse 

10.20 

25.72 

18.88 

24.98 

V  27.99 

14.63 

1 .60 

Crittenden  Creek 

0.50 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

3.25 

Rocky  Ford 

74.00 

11.30 

65.80 

48.20 

48.60 

23.15 

15.88 

22.48 

v  26.80 

12.49 

5.30 

Highway  30 

1.50 

1.50 

1.50 

26.10 

43.60 

29.45 

15.59 

13.67 

RESERVOIR  STATION 

Twenty-On®  Mil® 

5185.90 

5190.60 

5192.40 

5192.45 

5192.10 

5191 .55 

5191.45 

5191.70 

5191.70 

5191 .45 

51  90.55 

Dake 

4765.80 

4766.80 

4767.60 

4768.50 

4768.75 

4768.60 

4768.40 

4768.42 

4768.60 

4768.30 

4767.851 

Table  B-1.  CHILTON  MONITORING  DATA  AND  RESERVOIR  STAGES  (continued) 


1  986 

7-Jul 

3  1  -Jul 

26-Auq 

6-Oct 

3-Nov 

1  -Dec 

PRECIPITATION  STATION 

Wilkins 

0.40 

0.20 

0.25 

1.65 

0.85 

0.15 

Five  Mile  Ranch 

0.40 

1  .40 

1 .35 

1.60 

0.85 

0.30 

Lower  Eccles 

0.35 

1  .00 

0.45 

1 .45 

0.85 

0.20 

Twelve  Mila  Ranch 

SQ..  1  5 

1.05 

0.35 

1.55 

0.65 

0.20 

HD  Summit 

0.40 

0.20 

0.20 

2.00 

1  .05 

0.25 

Moor  Summit 

d;20 

0.70 

0.80 

1 .80 

0.70 

0.30 

Pequop 

Pequop  Summit 

0.10 

0.30 

0.50 

1.55 

0.70 

0.30 

Rocky  Point 

0.10 

0.40 

0.10 

0.75 

Cobre 

0.20 

0.60 

0.1  5 

1.45 

0.75 

STREAMFLOW  STATION 

Wilkins/Wilkins  Canal 

WC  Lane/Beaver 

2.63 

2.63 

1 .09 

1.27 

1.79 

3.52 

Toano  Draw 

0.00 

0.00 

0.00 

0,00 

0.00 

0.00 

Narrows 

Rock  Springs  Creek 

0.01 

0.0  6 

©foq 

0.00 

0.00 

0.00 

Eccles  Narrows 

0.01 

0.00 

0.03 

0.40 

0.05 

0.04 

Twenty-One  Mile  Jet 

9.66 

9.88 

8.44 

7.61 

6.12 

x3-98 

Lower  Schoolhous® 

9.29 

6.68 

0.49 

3.1 1 

3.29 

3.00 

Crittenden  Creek 

0.90 

0.00 

0.00 

0.00 

0,00 

0.00 

Rocky  Ford 

9.61 

7.62 

4.36 

4.02]  3.70 

3.21 

Highway  30 

RESERVOIR  STATION 

r~ 

Twenty-One  Mile 

5188.10 

5186.50 

5184.40 

5182.80  5182.10 

5181.70 

Dake 

4766.90 

4766.40 

4765.60 

4764.901  4764.70 

4764.60 

Table  B-1.  CHILTON  MONITORING  DATA  AND  RESERVOIR  STAGES  (continued) 


1987 

7-  Jan 

3-Feb 

17-Feb 

4-Mar 

17-Mar 

6-Apr 

27- Apr 

1  -Jun 

2-Jul 

3  1  -Jul 

PRECIPITATION  STATION 

/  /V 

Wilkins 

0.45 

0.40 

0.25 

0.40 

1.35 

0.40 

0.10 

2.85 

0.55 

0.25 

Five  Mile  Ranch 

0.30 

0.30 

0.35 

0.35 

0.90 

0.35 

0.05 

2.30 

0.55 

Lower  Eccles 

0.25 

0.20 

0.10 

0.45 

0.80 

0.60 

3.25 

1.25 

Twelve  Mile  Ranch 

0.30 

0.15 

0.60 

0.55 

0.85 

0.50 

0.00 

2.05 

0.80 

1.15 

HD  Summit 

V.  " 0.85 

0.75 

0.35 

0.50 

1.50 

0.85 

0.05 

3.25 

1 .05 

0.50 

Moor  Summit 

CL  80 

0.35 

0.90 

1 .20 

0.95 

0.90 

0.00 

3.35 

1.25 

1.15 

Pequop 

Pequop  Summit 

1.20 

0  60 

0.80 

1.05 

1.25 

0.60 

0.05 

4.00 

1 .95 

1.25 

Rocky  Point 

Cobra 

0.50 

0.20 

^  0.45 

0.75 

0.55 

0.30 

0.00 

2.95 

0.55 

1.10 

STREAMFLOW  STATION 

Wilkins/Wilkins  Canal 

WC  Lane/Beaver 

3.73 

2.05 

2.81 

2.57 

3.51 

X65 

1.84 

1 .85 

0.61 

0.42 

Toano  Draw 

0.00 

0.00 

0.00 

0.00“ 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Narrows 

Rock  Sprinqs  Creek 

0.00 

0.00 

0.40 

0.(0 

000 

v  No.  oo 

0.00 

0.04 

0.08 

0.02 

Eocles  Narrows 

0.10 

0,0  ol  0.01 

0.04 

0.05 

0.05 

0.09 

Twenty-One  Mile  Jet 

3.00 

5.00 

4.52 

5.19 

5.27  5.48 

4.59 

4.82 

5.10 

2.98 

Lower  Schoolhouse 

2.00 

4.00 

6.32 

5.50 

6.621  5.23 

N2.01 

1.87 

1  .44 

Crittenden  Creek 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

/X  2.1  2 

0.00 

2.06 

Rocky  Ford 

1 .93 

3.36 

4.89 

6.96 

7.28 

6.08 

Ayi 

5.66 

1.54 

4.03 

Hiqhway  30 

' 

 . 

RESERVOIR  STATION 

.  .  . 

Twenty-One  Mile 

5181.60 

5181.20 

5180.70 

5180.55 

5180.70 

5180.20 

5177.40 

5179.10 

5177.65 

5176.851 

Dake 

4764.50 

4764.50 

4764. 70|  4764.75 

4765.30 

4765.80 

4765.80 

4765.70 

4765.00 

4764.351 

Table  B-1.  CHILTON  MONITORING  DATA 

AND  RESERVOIR  STAGES  (continued) 


1  987 

28-Auq 

2-Oct 

30-Oct 

1  -Dec 

PRECIPITATION  station 

Wilkins 

0.10 

0.25 

0.70 

1  .20 

Fives  Mile  Ranch 

0.00 

0.65 

1 .30 

Lower  Eccles 

0.15 

0.00 

0.75 

1.10 

Twelve  Mile  Ranch 

1 .00 

0.00 

0.95 

1  .85 

HD  Summit 

0.05 

0.00 

0.75 

1 .45 

[Moor  Summit 

0.85 

0.00 

0.70 

2.05 

I  Peqtsop 

Pequop  Summit 

0.35 

1.70 

2.05 

[Rocky  Point 

iCobre 

0.90 

0.00 

1  .40 

1 .60 

STREAMFLCW  STATON 

Wilkins/Wilkins  Canal 

— 

WC  Lane/Beaver 

0.48 

0.39 

1.24 

TTd 

Toano  Draw 

0.00 

0.00 

0.00 

0.00 

Narrows 

/ 

Rock  Sprinas  Creak 

0.00 

000 

0,00 

/  0.00 

Eccles  Narrows 

0.01 

0.01 

'1,02 

0.01 

Twentv-One  Mile  Jet 

6.08 

3.82 

6.22 

5.72 

Lower  Schoolhouse 

i  0.37 

3.52 

6.37 

5.64 

Crittenden  Creek 

0.00 

0.00 

0.00 

0.00 

Rocky  Ford 

3.56 

1.29 

3.18 

I  5.33 

Hiahwav  30 

/  / 

1  /  / 

RESERVIOR  STATION 

1  \J 

Twentv-One  Mile 

5175.30 

5173. 8C 

5172.20 

J  5171.60 

Dake 

1  4763.70 

4763. 2C 

4762.95 

i  4763.05 

Table  B-1.  CHILTON  MONITORING  DATA  AND  RESERVOIR  STAGES  (concluded) 


1  988 

yi-Feb 

17-Feb 

1  -Mar 

1  -  Apr 

29- Apr 

2-Jun 

30- Jun 

1-Auq 

30-Auq 

3-Ocl 

PRECIPITATION  STATION 

Wilkins 

/ 1.95 

0.10 

0.15 

0.40 

0.75 

1.50 

0.30 

0.35 

0.15 

0.05 

Five  Mile  Ranch 

/  2.05 

r  °-15 

0.15 

0.55 

0.60 

1 .05 

0.90 

0.15 

0.20 

0.00 

Lower  Eccles 

2.65 

0.25 

0.15 

0.75 

0.45 

1 .40 

1 .35 

0.15 

0.30 

0.00 

Twelve  Mile  Ranch 

2.15 

0,10 

0.35 

0.60 

0.65 

1 .50 

0.75 

0.1  5 

0.15 

0.04 

HD  Summit 

2.05 

0.25 

0.15 

0.70 

1 .25 

0.15 

0.05 

0.00 

0.10 

Moor  Summit 

2.05 

0.15 

0.1 

5 

0.55 

0.65 

2.40 

0.55 

0.00 

0.65 

0.20 

Pequop 

Pequop  Summit 

2.05 

<5.20 

0.15 

0.70 

1.15 

2.50 

0.90 

0.10 

0.65 

0.00 

Rocky  Point 

Cob  re 

1.85 

0.15 

0.30 

0.45 

0.45 

0.95 

0.75 

0.30 

0.95 

0.00 

STREAMFIOW  STATION 

Wilkins/Wilkins  Canal 

WC  Lane/Beaver 

0.90 

2.30 

2:t:9 

1  7  81 

1.77 

1.14 

0.57 

0.54 

0.50 

0.61 

Toano  Draw 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Narrows 

/ 

Rock  Springs  Creek 

0.00 

0.07 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Eccles  Narrows 

0.00 

1.00 

0.10 

0.02 

0  03 

0.02 

0.20 

0.00 

0.00 

0.00 

Twenty-One  Mile  Jet 

6.24 

6.89 

7.09 

4.85 

4.20 

5.15 

3,84 

4.83 

4.46 

2.25 

Lower  Schoolhouse 

2.00 

5.15 

6.37 

5.25 

0.44 

0.92 

0,1  7 

X  o.oo 

0.00 

0.00 

Crittenden  Creek 

0.00 

0.00 

0.00 

0.00 

0.00 

0.75 

0  00 

X  '2.71 

0.00 

2.62 

Rocky  Ford 

5.1 1 

6.27 

6.81 

6.51 

4.98 

1.79 

4,54 

#3.57 

1.17 

2.93 

Highway  30 

RESERVOIR  STATION 

Twenty-One  Mile 

5170.00 

5170.501  5170.70 

5170.15 

5169.40 

5168.00 

5166.80 

5164.80 

5162.40 

5156.50 

Dake 

4763.10 

4763.451  4763.60 

4764.30 

4764.40 

4763.90 

4763.30 

4762.50 

4762.00 

4761.30 

90270B-TB  CON-1 


Table  B-2.  ANNUAL  PRECIPITATION  AT  CONTACT,  MONTELLO  AND  WELLS,  1949-1983, 
THOUSAND  SPRINGS  POWER  PLANT  PROJECT 


Annual  Precipitation  (inches) 
At  Indicated  Locations 


Year 


Contact 


Montello 


Wells 


1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 


6.17 


4.91  > 

5\J^y  /v 
6.22 
8.44 

111  58 

7.02  X/ 
7«J5 
3.18 
7.31 
10.42 


Average 


10.17  7.69 


10.80 


Compiled  by  Woodward-Clyde  Consultants  from  NOAA  (1949-1988)  data 


90270B-TB  CON-2 


Table  B-3.  AVERAGE  ANNUAL  PRECIPITATION  AT  CONTACT  AT  NOAA  AND  BLM 

MONITORING  STATIONS,  1963-1980,  THOUSAND  SPRINGS  POWER  PLANT 
PROJECT 


Agency  and 
Monitoring  Station 


Elevation 

(feet) 


Precipitation 

(inches) 


NOAA  Station 

Contact 
Metropol is 
Montello 
Pequop 
Wells 

BLM  Stations 

Rock  Spring  -  1 
Rock  Spring  -  2 
Rock  Spring  -  3 
Rock  Spring  -  4 
Rock  Spring  -  5 
Rock  Spring  -  6* 
Rock  Spring  -  7 
Rock  Spring  -  8 
Rock  Spring  -  9 
Rock  Spring  -  10* 
Rock  Spring  -  11 


13 

- 

6200 

14  • 

15 

6500 

6320 

16 

.;::y 

5870 

17 

18 

5886 

5960 

"V':% 

5940 

20 

5590 

21 

\ 

5460 

X 

|  1 

6520 

*3%. 

/  / 

6440 

14.64 

15.77 

15.03 

12.94 

11.89 

12.51 

11.82 

11.60 

11.55 

16.18 

14.83 


Developed  by  Woodward-Clyde  Consultants  based  on  NOAA  (1949-1988)  and  BLM 
(1983)  data. 

Outlier  data  not  used  to  develop  orographic  relationship. 


90270B-TB  CON-3 


Table  B-4a.  DRAINAGE  AREA  BREAKDOWN  FOR  THOUSAND  SPRINGS  CREEK  USED  IN 
STREAMFLOW  GENERATION  MODEL:  WILKINS  GAGING  STATION, 
THOUSAND  SPRINGS  POWER  PLANT  PROJECT 


Range  of 
Elevation  Zone 
(meters) 


Mid-Zone 

Elevation 

(feet) 


Drainage  Area  (Square  Miles) 
Within  Indicated  Polygon 
Contact  Montello  Wells 


1400-1520 

4790 

0.00 

o.oo/v 

0.00 

1520-1640 

5184 

0.00 

0.90/ 

0.00 

1640-1760 

5578 

0.23 

ojto\ 

0.00 

1760-1880 

5971 

9.00 

<5.00  V 

11.72 

1880-2000 

6365 

0.00 

0.00  \\ 

25.32 

2000-2120 

6759 

0.00 

0.00 

10.68 

2120-2240 

7153 

0.00  /> 

0.00 

W.  41 

2240-2360 

7546 

0.00  /  / 

0.00 

1.73 

2360-2480 

7940 

0.0Qr/  , 

/f.OO 

1.27 

2480-2600 

8334 

0.00  \/ 

/0.00 

0.51 

2600-2720 

8727 

0.OOX  / 

\ 

'  0.00 

0.00 

Total 

9.23 

0.00 

58.64 

Note:  Total  Drainage  Area  =  67.87  square  asiles. 


90270B-TB  CON-4 


Table  B-4b.  DRAINAGE  AREA  BREAKDOWN  FOR  THOUSAND  SPRINGS  CREEK  USED  IN 

STREAMFLOW  GENERATION  MODEL:  SHORES  GAGING  STATION,  THOUSAND 
SPRINGS  POWER  PLANT  PROJECT 


Range  of 

Mid-Zone 

Drainage 

Area*  (Square  Miles) 

Elevation  Zone 

Elevation 

Within 

Indicated  Polygon 

(meters) 

(feet) 

Contact 

Montello  Wells 

1400- 

1520- 

1640- 

1760- 

1880- 

2000- 

2120 

2240 

2360 

2480. 

2600 


■1520 
•  1640 
■1760 
•1880 
■  2000 
-2120 
-2240 
-2360 
-2480 
-2600 
-2720 


4790 

5184 

5578 

5971 

6365 

6759 

7153 

7546 

7940 

8334 

8727 


Total 


Note:  Total  Drainage  Area  =  483.23  square  miles. 

♦Developed  by  Woodward-Clyde  Consultants  baled  on  drainage  basin  model 
analysis. 
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Table  B-4c. 


DRAINAGE  AREA  BREAKDOWN  FOR 
STEAMFLOW  GENERATION  MODEL: 
CRITTENDEN  CREEK,  THOUSAND 


THOUSAND  SPRINGS  CREEK  USED  IN 
PROPOSED  NEW  GAGE  LOCATION  BELOW 
SPRINGS  POWER  PLANT  PROJECT 


Range  of  Mid-Zone 

Elevation  Zone  Elevation 

(meters)  (feet) 


Drainage  Area  (Square  Miles) 

Within  Indicated  Polygon _ 

Contact  Montello  Wells 


1400-1520 

1520-1640 

1640-1760 

1760-1880 

1880-2000 

2000-2120 

2120-2240 

2240-2360 

2360-2480 

2480-2600 

2600-2720 


Total 


4790 

5184 

5578 

5971 

6365 

6759 

7153 

7546 

7940 

8334 

8727 


0.00 


0.39 


0.00 

0.00 

22.03 

64.34 

59.06 

23.58 

13.31 

4.10 

1.80 

0.51 

0.00 


188.73 


Note:  Total  Drainage  Area  =  1,089.40  square  miles. 

♦Developed  by  Woodward-Clyde  Consultants  based  on  drainage  basin  model 
analysis. 
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Table  B-4d. 


DRAINAGE  AREA  BREAKDOWN  FOR  THOUSAND  SPRINGS  CREEK  USED  IN 
STREAMFLOW  GENERATION  MODEL:  MQNTELLO  GAGING  STATION, 
THOUSAND  SPRINGS  POWER  PLANT  PROJECT 


Range  of 
Elevation  Zone 
(meters) 

Mid-Zone 

Elevation 

(feet) 

Drainage  Area*  (Square  Miles) 

Within  Indicated  Polygon 

Contact  Montello  Wells 

1400-1520 

4790 

0.00 

79.78 

0.00 

1520-1640 

5184 

23.93 

134.9V'  > 

0.00 

1640-1760 

5578 

100.74 

230.59 / 

22.03 

1760-1880 

5971 

116.04 

239.02 

64.34 

1880-2000 

6365 

51.13 

4MK 

\  59.06 

2000-2120 

6759 

27.56 

66.91 

23.58 

2120-2240 

7153 

12.72  j 

v  33.63 

N  13. 31 

2240-2360 

7546 

3.94  / 

/  9.10 

4.10 

2360-2480 

7940 

1.92/7 

/J.41 

1 . 80 

2480-2600 

8334 

0.6Z  / 

/  0.00 

0.51 

2600-2720 

8727 

O.ftv  ^ 

/  /o.oo 

0.00 

Total 

338.71 

'"M5?29 

188.73 

Note:  Total  Drainage  Area  =  1,452.73  square  relies. 
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Table  B-5  TOTAL  MONTHLY  PRECIPITATION  AT  CONTACT,  MONTELLO  AND  WELLS, 
1985-1988,  THOUSAND  SPRINGS  POWER  PLANT  PROJECT 


Year  Month 


Total  Monthly  Precipitation  (inches) 

At  Indicated  Locations _ 

Contact  Montello  Wells 


1985 


1986 


1987 


1988 


March 

(1.06) 

Apri  1 

0.09 

May 

1.26 

June 

0.49 

July 

0.90 

August 

0.00 

September 

(0.93) 

October 

0.42 

November 

1.28 

December 

0.52 

January 

0.33 

February 

1.62 

March 

0.78 

April 

(1.62) 

May 

0.90 

June 

0.20 

July 

0-38 

August 

(0.41) 

September 

1.30 

October 

0.38 

November 

(0.44) 

December 

(0.28) 

January 

A  0.56 

February 
March 
April 
May 
June 
July  /A*-**^ 
August  / 
September 
October 
November 
December 

January 
February 
March 
April 
May 


0.03 

vV34 

^0.96) 
(0.43) 
0.09 
(0.23) 
(0.14) 
(1.13) 
(1.34) 

(0.98) 
(0.21) 
(0.44) 
(0.49) 
(1.21) 


Woodward-Clyde  consultants  computed  values  in  (  )  based  on  correlation 

analysis  of  data  provided  by  the  National  Oceanic  and  Atmospheric 
Administration  1940-1988  Climatological  Data  for  Nevada. 
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Table  B-6.  AVERAGE  MONTHLY  STREAMFLOWS  MEASURED  AT  THOUSAND  SPRINGS  CREEK, 
1985-1988,  THOUSAND  SPRINGS  POWER  PLANT  PROJECT 


Average  Monthly  Streamflow  (cfs) 

_ At  Indicated  Locations _ 

Year  Month  Wilkins  Shores  Monte! lo 


1985 


1986 


1987 


1988 


March 

Apri  1 

May 

June 

July 

August 

September 

October 

November 

December 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


30.30 

11.10 

4.41 

1.66 

1.06 

1.88 

2.58 

3.61 

3.91 


IM 

9S.5Q: 

46.90 

mm 

12,50 


January 
February 
March 
Apri  1 
May 
June 
July 
August 
Septembe 
Octobe. 
November 
December 

January 
February 
March 
Apri  1 
May 


4.86 

5.11 

4.74 

5.28 

10.40 


1.35 

4.66 

23.90 

27.40 

9.50 

1.10 

0.44 

0.39 

1.21 

1.15 

0.68 

0.58 

0.49 

0.68 

2.27 

0.84 

0.58 

0.28 

0.52 

0.20 

0.21 

0.36 

0.87 

1.52 


1.50 

1.12 


Data  provided  by  United  States  Geological  Survey^  1985-1988.  Water 
Resources  Data,  Nevada,  Water  Year  1985,  and  Computer  Generated  Tables  for 
Water  Years  1986-1988. 
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APPENDIX  C 

NUMERICAL  GROUNDWATER  FLOW  MODEL  DATA  REPORT 
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APPENDIX  C-l 


Estimation  of  areal  recharge  using  the  Maxey  and  Eakin  Method  as 
discussed  in  Section  8. 1.3.1.  The  calculated  recharge  within  each 
elevation  zone  was  assigned  to  the  appropriate  model  grid  points  in  the 
groundwater  model  as  the  estimated  initial  re 


902 70- A  CON-1 


Table  C-l.  T0AN0  DRAW  AND  ROCKY  BUTTE  WATERSHEDS 


Period  of  Analysis  =  Long  Term  Average  (1949-1987) 
Total  Drainage  Area  =  450.60  square  miles 


Mean 

Mean 

Drainage 

Precip. 

Equivalent 

Recharge 

Elevation 

Elevation 

Elevation 

Area 

(mi7) 

Depth 

Recharge 

Volume 

(m,  msl) 

(m,  msl) 

(ft,  msl) 

(in.) 

(in.) 

(ac-ft) 

1400 

1520 

1640 

1760 

1880 

2000 

2120 

2240 

2360 

2480 

2600 

2720 


0.91 

1.46 

2.24 

3.27 

5.05 

0 

0 


Total 


62.70 


0 

0 

1.55 

727.58 

1025.99 

652.52 

548.35 

387.17 

142.75 

0 

0 

3485.91 
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Table  C-2.  TOANO  DRAW  WATERSHED  AND  ROCKY  BUTTE 


Period  of  Analysis  =  Long  Term  Average  (1949-1987) 
Total  Drainage  Area  =  450.60  square  miles 


Elevation 
(m,  ms!) 


Mean  Mean  Drainage  Precip. 

Elevation  Elevation  Arqp  Depth 


(m,  msl)  (ft,  msl)  (mi  ) 


(in.) 


Equivalent  Recharge 
Recharge  Volume 

(in.)  (ac-ft) 


Portion  of  Toano  Draw  and  Rocky  Butte  Within  Contact  Subarea 


1400 

1520 

1640 

1760 

1880 

2000 

2120 

2240 

2360 

2480 

2600 

2720 


1460 

4790 

0 

0 

X ' 

0 

1580 

5184 

5.23 

/\ 

9.39 

&  # 

0.22 

61.37 

1700 

5578 

8.98  ^ 

11.08 

v  ^  / 

0.42 

201.15 

1820 

5971 

0.30 

!nN 

^\f 

0.74 

11.84 

0 

0 

0 

0 

0 

0 

0 


Total 


0 

0 

0 

0 

0 

0 

0 

274.36 
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Table  C-3.  T0AN0  DRAW  WATERSHED  AND  ROCKY  BUTTE 


Period  of  Analysis  =  Long  Term  Average  (1949-1987) 
Total  Drainage  Area  =  450.60  square  miles 


Mean  Mean 

Elevation  Elevation  Elevation 
(m,  msl)  (m,  msl)  (ft,  msl) 


Arsaa 

(mi7) 


Precip 

Depth 

(in.) 

Equivalent 

Recharge 

(in.) 

Recharge 

Volume 

(ac-ft) 

Within 

Montello  Subarea 

7.31 

\\ 

0 

ys 

/8/99 

0.18 

189.33 

/  ./  _/ 

10.68 

0.36 

2585.75 

\  / 

12.37 

V  0.66 

4703.16 

14.05 

1.09 

3123.74 

$ 

15.74 

1.72 

1982.59 

17.43 

2.58 

1113.67 

19.11 

3.73 

458.07 

20.80 

5.20 

141.44 

0 

0 

0 

0 

0 

0 

1400 

1460 

4790 

1520 

1580 

5184 

1640 

1700 

5578 

1760 

1820 

5971 

1880 

1940 

6365 

2000 

2060 

6759 

2120 

2180 

7ip- 

2240 

2300 

7546 

2360 

2420 

\V 

7940 

2480 

\ 

2540 

8334 

2600 

2720 

/  /  \  \ 

266©  8727 

W  // 

Total 

0.18 

19.41 

133.09 

134.51 

53. 68 

\ 


8.08 


0.51 

0 

0 

373.39 


14,297.75 


Total  recharge  to  Toano  Draw  and  Rocky  Butte  =  18,000  ac-ft 

or  =  0.75  in./yr 
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APPENDIX  C-2 


Available  cross-sectional  data  on  Thousand  Springs  Creek  are  presented 
below.  The  data  were  used  to  estimate  the  cross  section  of  the  Creek  at 
nodal  grid  points  in  the  groundwater  model  (see  Section  8. 1.3. 3). 


CHILTON  Eng  ineering  and  Surveying  Ltd. 


“H 

a 

19  December  1988 


Woodward  Clyde  Consultants 
500  12th  Street,  Suite  100 
Oakland,  CA  94607-4014 

Attention:  Mr.  A1  Hasson 

Subject:  Thousand  Spring  Creek 
Hydrologic  Monitoring 
CE&S  Job  No.  5000.001 

Dear  Mr.  Hasson: 


Per  your  phone  request  12  December  1988  fo 
Spring  Creek  flow  measuring  sites. 


ction  data  on  the  Thousand 


I  have  prepared  cross-sections  on  seven  (7)  flow  measuring  sites  using  current 
meter  notes  of  high  flows.  Bank  heights  shown  above  water  level  are  only 
estimates. 

Also  included  is  a  brief  description  of  measuring  sites  where  velocity 
measurements  were  made  at  the  entrance  or  outflow  of  culverts, 

Si ncerely , 
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where 


S  =  storage  coefficient 

r  =  radial  distance  from  the  pumped  well 
t  =  time  of  pumping 


90270B-AC3  CON-2 


The  well  function  is  aproximated  by  the  following  polynomial: 

,2 


W(u)  = 


.  d  +  d,  U  +  U 
1  o  1 


where 


ueu  f  +  f,u  +  u2 
o  i 


( C— 4 ) 


=  0.250621 
=  2.334733 
=  1.681534 

=  3.330657 

1  <  U  <  03 


According  to  Huntoon,  the  error  associated  with  using  the  above  polynomial 
to  approximate  the  well  function  is  less  than  ±§  xM0*5/(ueu). 
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APPENDIX  E 

LITHOLOGIC  AND  WELL  CONSTRUCTION  LOGS 
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PROJECT  NAME  Thousand  Spnngs  Energy  Project  NO.  90270B 


BORING  LOCATION 


MW  -1 

SE1/4,  SE1/4,  Section  35,  T42N,  R65E 


ELEVATION  AND  DATUM  5385  ft  MSL  (ground  surface) 


DRILLING  AGENCY  R.D.  Reynolds  Drilling 


DRILLER  R.  Reynolds 


DATE  STARTED 
DATE  FINISHED 


8/9/88 

8/16/88 


illing  EQUIPMENT  Schram  Rota  Drill 


COMPLETION  200  ft. 
DEPTH 


SAMPLER 


drill  cuttings 


DRILLING  METHOD  Air  Rotary  w/  foam 


DRILL  BIT  6"  drag  bit 


NO.  OF 
SAMPLES 


DIST. 


SIZE  AND  TYPE  OF  CASING  2"  Schedule  80  PVC 


WATER 

LEVEL 


COMPL. 


TYPE  OF  PERFORATION 

2"  Schedule  80  Slotted  (0.020")  PVC 

SIZE  AND  TYPE  OF  PACK 

Wadsworth  Gravel 

NO  1 

Bentonite 

Bentonite  &  gravel 

NO.  2 

Cement  -  Grout 

FROM  180  TO  200 


160 

50 


TO  220 
TO  150 


LOGGED  BY: 

H.  Merrell 


FROM 

FROM 


150 

220 


TO 

TO 


160 

270 


FROM 

FROM 


0  TO  50 
270  TO  540 


U 


80- 


120 


LITHOLOGIC 

DESCRIPTION 


Clay:  It  tan.  soft 

Gravel:  coarse-grained,  abundant  black  fragments 

Clay  &  gravel 


Sand:  It.  green-gray,  coarse  to  medium-grained,  unconsolidated, 
sub-angular 


Clay:  It  tan,  soft 


Sand:  tan.  fine  to  coarse-grained.  sub-angular  to  sub-rounded,  poorly 
sorted;  minor  white  clay;  minor  It  purple  quartz 


Well  Completion 
Diagram 


I 


f  _ 

as 

o  fc- 


20- 


120 


SAMPLES 


CHECKED  BY: 

J.  Strandberg 


REMARKS 

(Drill  Rale,  Fluid  Loss.  Odor,  etc.) 
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PROJECT  NAME  Thousand  Springs  Energy  Project  NO.  90270B 


260  - 


290  - 


LITHOLOGIC 

DESCRIPTION 


Sand:  tan.  fine  to  coarse-grained,  sub-angular  to  sub-rounded, 
poorly  sorted,  unconsolidated;  minor  white  clay;  minor  It 
purple  quartz 


Sand:  as  above;  minor  purple  chert 

As  above;  abundant  white  tuff 
Sand:  as  above 


\ 


Volcanic  tuff:  It  green;  minor  sand:  ft  green,  fine-grained;;: 
clay:  It  gray-white  j  J 

.  /  / 


v  / 


Wall  Completion 
Diagram 


n 


190- 


220 


250- 


260- 


REMARKS 

(Drill  Rate,  Fluid  Loss.  Odor,  etc.) 
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PROJECT  NAME  Thousand  Sprinqs  Energy  Project  NO.  90270B 


LITHOLOGIC 

DESCRIPTION 

Wall  Completion 
Diagram 

DEPTH 

(teat) 

SAMPLES 

REMARKS 

(Drill  Rale.  Fluid  Loss.  Odor,  etc.) 

330- 

340- 

350- 

360- 

370- 

380- 

390- 

400  - 

410- 

420  - 

430- 

440  - 

450- 

460- 

470- 

480- 

490 

500- 

Volcanic  tuft:  It  green,  hard;  minor  sand:  It  green,  fine-grained 

Sand:  It  green,  fine-grained,  unconsolidated;  minor  chert:  It.  brown; 
minor  tuff:  It.  gray 

Clay:  It  green;  minor  sand:  It  gray,  fine-grained 

Sand:  It.  gray,  fine-grained, sub-angular  to  sub-rounded,  unconsolidated; 
minor  clay:  It  green,  semi-consolidated 

As  above;  minor  chert:  It  brown 

Sand  / 

<Q) 

Clay  &  sand:  It  green;  minor  chert:  It  brown 

As  above;  trace  pyrite  crystals;  minor  sand:  It  gray-green 

\ 

\ 

: 

— 

330  - 

340- 

350  - 

360- 

w- 

380  - 

390  - 

400  - 

410  - 

420  - 

430  - 

440  - 

450- 

460- 

470- 

480 

490- 

500- 

s\ 

\ 

X. 

At  500  ft.  water  produced  has  sulfurous 
small 
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PROJECT  NAME  Thousand  Springs  Energy  Project  NO.  90270B 


BORING  LOCATION 

MW-2 

SW1/4,  SW1/4,  Section  23,  T40N,  R65E 

ELEVATION  AND  DATUM  5385  ft  MSL  (ground  surface) 

DRILLING  AGENCY 

R.D.  Reynolds  Drilling 

DRILLER 

K.  Stubbs 

DATE  STARTED 

DATE  FINISHED 

7/20/88 

8/19/88 

LLING  EQUIPMENT  Schram  Rota  Drill 

COMPLETION  290  ft. 

DEPTH 

SAMPLER  ,  ... 

drill  cuttings 

DRILLING  METHOD 

Air  and  Mud  Flotary 

DRILL  BIT 

5-3/4"  tri-cone  roller  bit 

NO.  OF  1  DIST. 

SAMPLES  i 

UNDIST. 

SIZE  AND  TYPE  OF  CASING  2' Schedule  80  PVC 

WATER  i  FIRST 

LEVEL  ; 

COMPL.  :  24  HRS. 

TYPE  OF  PERFORATION  2*  Schedule  80  Slotted  (0.020*)  PVC 


FROM  270  TO  290 


SIZE  AND  TYPE  OF  PACK  Wadsworth  Gravel 


FROM  62  TO  181 
FROM  235  TO  310 


LOGGED  BY: 

H.  Merrell 


TYPE  OF  SEAL 


a. 

si 


100 


NO.  i  Bentonite 


FROM  181  TO  235 
FROM  310  TO  446 


NO.  2 


Cement  -  Grout 
Drilling  Mud 


FROM  0  TO  62 
FROM  446  TO  607 


LITHOLOGIC 

DESCRIPTION 


Well  Completion 

E  _ 

Diagram 

5i  1 

o  => 

Clay:  It  tan,  some  fragments  of  dark  gray  minerals 


Gravel:  gray  to  black,  angular  fragments  1/4*  to  1/2“ 


Clay:  It  tan,  soft,  gummy 


Gravel:  dark  gray  to  black,  fine,  angular 


Clay:  It.  tan,  soft,  gummy 


Gravel:  black  to  dark  tan;  sand:  It  brown  to  black,  very  coarse;  minor  chert  &  quartz 


1 30  -  Clay:  It.  tan.  soft,  gummy 


50- 


SAMPLES 


CHECKED  BY: 
K.  Teague 


REMARKS 

(Drill  Rale.  Fluid  Loss.  Odor,  etc.) 


Driling  w/  air 
Water  injected 


Convert  to  mud  rotary 


Water  encountered  1 1 2  ft.  to  1 1 8  ft. 
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PROJECT  NAME  Thousand  Springs  Energy  Project  NO.  90270B 


LITHOLOGIC 

DESCRIPTION 


Wad  CompAetion 
Diagram 


u 


SAMPLES 


REMARKS 

(Drill  Rate.  Fluid  Loss,  Odor,  etc.) 


170- 


Sand;  black  to  dark  tan,  very  coarse-grained,  singular  to  sub-angular, 
unconsolidated;  minor  white  limestone  fragments 


As  above;  minor  carbonate  cement 


As  above;  sand;  dark  gray,  very  coarse-grained,  composed  of  chert  &  feld¬ 
spar;  minor  green  calcareous  shale  clasts 


Clay.  It.  tan,  soft,  gummy 


As  above;  minor  sand:  dark  gray,  fine  to  coarse-grained,  unconsolidated 


240- 


Sand:  dark  gray  to  tan,  coarse-grained,  poorly  consolidated;  day;  H.  gray 


300- 


Sand:  dark  gray,  very  coarse-grained,  poorly  oonsofidaled 


Clay,  It  tan,  soft 


ill 


X  A 


Water  encountered  1 57  ft.  to  1 70  ft. 


ISO 

200 

/) 

210- 

\ 

*220  - 


/l 


260- 


Waler  encountered  278  ft.  to  290  ft. 


320 
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PROJECT  NAME  Thousand  Springs  Energy  Project  NO.  90270B 


LITHOLOGIC 

DESCRIPTION 


Well  Completion 
Diagram 


f  _ 

(L  e 

Si 


SAMPLES 


REMARKS 

(Drill  Rale,  Fluid  Loss.  Odor,  etc.) 


Clay:  h.  tar.,  soft,  gummy 


As  above;  minor  varicolored  sandstone  &  shale  clasts 


370- 


As  above,  varicolored  clasts  increase  to  20  % 


As  above,  varicolored  clasts  decrease  to  trace 


Sand;  dark  gray  to  varicolored,  very  coafse-grained,  sub- a 
minor  day:  It.  gray,  gummy 


Clay:  It.  gray,  soft,  gummy 


Sand:  dark  gray  to  varicolored,  very  coarse  grained,  sub-angular, 
minor  day.  It.  gray,  gummy 


360 

7 


i 


400 


4j?| 

U  m 


490 


Water  encountered  440  ft.  to  455  ft. 


Water  encountered  495  ft.  to  507  ft. 
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PROJECT  NAME  Thousand  Springs  Energy  Project  NO.  90270B 


BORING  LOCATION  MW  -3 

SW  1/4,  NW1/4,  Section  5,  T39N,  R66E 

ELEVATION  AND  DATUM  571 0  tL  MSL  (ground  surface) 

drilling  AGENCY  R.  D.  Reynolds  Drilling 

DRILLER  R.  Reynolds 

DATE  STARTED  6/21/88 

DATE  FINISHED  7/25/88 

ILLING  EQUIPMENT  Schram  Rota  Drill 

COMPLETION  180  ft.  (1 25") 

DEPTH  320  ft  {2-00") 

SAMPLER  „  „ 

cuttings 

DRILLING  METHOD  Air  and  Mud  Rotary 

DRILL  BIT  6"  drag  bit 

NO.  OF  iDIST.  19 

SAMPLES  ; 

UNDIST.  o 

SIZE  AND  TYPE  OF  CASING  2"  Schedule  80  PVC 

1-1/4"  Schedule  40  PVC 

WATER  i  FIRST 

LEVEL  j 

COMPL.  j  24  HRS. 

TYPE  OF  PERFORATION  2”  Schedule  80  Slotted  (0.02CT)  PVC 
1-1/4*  Saw  Cut  PVC 

FROM  160  TO  180 

FROM  300  TO  320 

LOGGED  BY:  „  _ 

M.  Popeff 

R.  Siegel 

CHECKED  BY: 

J.  Strandberg 

SIZE  AND  TYPE  OF  PACK  Fine  Sand 

Wadsworth  Gravel 

sKswi 

FROM  U6  TO  196  277  TO  288 

FROM  288  TO  330 

TYPE  OF  SEAL 

Bentonite 

NC- 1  Bentonite  and  Gravel 

FROM  196  TO  200  FROM  3*0  TO  350 

FROM  267  TO  277 

FROM  200  TO  270 

NO.  2  Cement  -  Grout 

FROM  0  TO  145 

O-  c 

UJ  ® 

o 


LITHOLOGIC 

DESCRIPTION 


Desert  Top  Soil 

Gravelly  clay:  angular  fragments  of  gravel,  brown  to  dark  tan, 
dry 


Increase  in  coarse  gravel  content 


Sandy  to  gravelly  day-clayey  gravel:  30%  very  coarse  sand, 

>  40%  clay,  30%  coarse  gravels.. 

Clayey  sandy  gravel:  65%  medium  to  coarse  gravels,  25%  very  coarse 
sand,  and  1 0%  clay 


Sandy  gravel,  same  as  above-  55%  fine-  medium  gravels.  ~  45% 
very  coarse  sand.  j 


Gravelly  sand  and  day  to  clayey  sand:  wth  10  1 5%  medium 
gravels.  Note:  day-rich  material  may  be  volcanic  ash. 


Clayey  gravelly  sand:  65%  medium  to  very  coarse  sand,  20%  clay  -silt, 
15%  coarse  gravels,  It  brown  color.  Fines  might  be  washing  out 


Q-  « 

si 


40 


SAMPLES 


3-1 


(-2  — 


-3-3 


•  3-4- 


-3-5- 


REMARKS 

(Drill  Rate,  Fluid  Loss,  Odor,  etc.} 


Drilling  with  water  and  quick 
.foam. 


Easy  drilling 


@4ff  drill  pipe  rattling, 
coarser  gravel 


SAMPLED  @  92" 


SAMPLED  @  130- 


First  Water  encountered  between 
159  to  160  feet. 


SAMPLED  @  17V 


SAMPLED  AT  213- 

Poor  water  production  @221' 

SAMPLED  AT  236 


- 3-6  —  SAMPLED  AT  268- 
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PROJECT  NAME  Thousand  Springs  Energy  Proiect  NO.  9C270B 


LITHOLOGIC 

DESCRIPTION 


Gravel  to  sandy  gravel:  angular,  black,  minor  sand  and  clay. 


Gravel :  90%  pebbies,  10%  granules;  tuff:  white;  metamorphic  ?  clasts: 
lime  to  olive-green  ( limestone,  black  basalt  or  diabase?) 


Same  as  above,  but  increase  in  clay-sized  particles,  less  fragments. 
Increase  in  coarse  material  at  385';  very  coarse  gravels. 

Increase  in  sand  to  5  -10  percent,  sediment  becoming  finer  in  grain  size. 


Sandy  gravel  to  gravelly  sand:  decrease  in  coarser  fraction. 

Clay  lense  from  470  to  474'. 

Clay  lense  from  478  to  480'. 


Mostly  coarse  sand;  increase  in  gravel  content  at  SI?. 


fuTTniH^ 


Sandy  gravel  to  gravelly  sand 


Gravelly  material  washing  out  from  above;  increase  in 
coarse  sand. 


Sand  medium  to  coarse  grained. 


Well  Completion 
Diagram 


O,  m 

si 


—  3-9 


—  3-10  — 


380- 


SAMPLES 


-3-7- 


3-8 - 


-  3-11. 
3-12  — 


-3-13  — 


—3-14  ■ 


-3-15- 


- 3-16  - 


—  3-17  ■ 


REMARKS 

(Drill  Rale.  Fluid  Loss.  Odor,  elc.) 


SAMPLED  AT  295' 

SAMPLED  AT  31 5' 

Increase  in  water  production  @  320' 

SAMPLED  AT  334 

SAMPLED  AT  354' 

Hard  drilling  at  363'. 

SAMPLED  AT  374' 

SAMPLED  AT  386' 

Discna'ge  tube  clogging. 

Convert  to  mud  rotary 


High  water  production 
SAMPLED  AT  457 
Slow  drilling  at  475' 

Rods  chattering  at  480' 

SAMPLED  AT  500 

Sample  might  be  sloughed  material 
from  above. 

Insufficient  cuttings  being  returned  to 
sample. 

Adding  detergent  foam  at  535'. 
Loosing  mud  to  the  formation. 


Constant  mud  loss  to  the  formation. 


SAMPLED  AT  600 


SAMPLED  AT  625' 


Fast  drilling  rate,  rods  are  rattling,  good 
returns. 

SAMPLED  AT  650 
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PROJECT  NAME  Thousand  Springs  Energy  Project  no.  90270B 


BORING  LOCATION  MW-4 

NW  1/4,  NW  1/4,  Section  21,  T41N,  R65E 

ELEVATION  AND  DATUM  5491  ft..  MSL  (Ground  Surface) 

DRILLING  AGENCY  R.D.  Reynolds  Drilling 

DRILLER  R.  Reynolds 

DATE  STARTED  7/14/88 

DATE  FINISHED  7/1588 

LING  EQUIPMENT  Schram  Rota  Drill 

COMPLETION  85-bgs 

DEPTH 

SAMPLER 

Drill  Cuttings 

DRILLING  METHOD  Air  Rotary 

DRILL  BIT  6"  tri-cone  roller  bit 

NO.  OF  1 DIST.  22 

SAMPLES  j 

UNDIST.  o 

SIZE  AND  TYPE  OF  CASING  2"  Schedule  80  PVC 

WATER  j  FIRST 

LEVEL  ; 

COMPL.  !  24  HRS. 

TYPE  OF  PERFORATION 

7  Schedule  80  Slotted  (0.020")  PVC 

FROM  75  TO  85 

LOGGED  BY: 

D.  Jorgenson 

CHECKED  BY: 

J.  Strandberg 

SIZE  AND  type  OF  pack  Fine  sand 

Wadsworth  Gravel 

FROM  60  TO  65 

FROM  65  TO  95 

TYPE  OF  SEAL 

Bentonite 

Bentonite  and  Gravel 

m 

TECM  56  7ft  00 

FRCW  96  TO  100 

FROM  100  TO  390 

NO.  2  Cement  -  Grout 

FROM  0  TO  55 
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300- 

320- 

340- 

360- 

380- 

400 

420 

440 

460 

480 

500 

520 
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PROJECT  NAME  Thousand  Springs  Energy  Project  NO.  90270B 


LITHOLOGIC 

DESCRIPTION 


Well  Completion 
Diagram 


t  _ 
&  I 

o 


SAMPLES 


REMARKS 

(Drill  Rate.  Fluid  Loss.  Odor,  etc.) 


limestone:  hard,  It  brown,  argillaceous 


sandy  clay  to  daystone:  It  to  dark  brown,  hard 


.  Total  Depth  390  ft. 


4-18 


4-19 


4-20 


4-21 


4-22 


520- 


600- 


@  370'  water  turns  dark  brown 


Drilling  is  slowed  due  to 
day,  adding  foam 

to  samples  due  to  foam,  traces  of 
dayonbituDon  completion  of  trip 
out. 
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PROJECT  NAME  Thousand  Springs  Energy  Project  no.  90270 B 


BORING  LOCATION  MW-5 

NE  1/4.NW1/4.NW  1/4,  Sectk>n27,  T39N.R65E 

ELEVATION  AND  DATUM  5927  ft,  MSL  (ground  surface) 

DRILLING  AGENCY  R.  D.  Reynolds  Drilling 

DRILLER  R.  Reynolds 

DATE  STARTED  7/20/88 

DATE  FINISHED  7/21/88 

.LING  EQUIPMENT  Schram  Rota  Drill 

COMPLETION  m/a 

DEPTH 

SAMPLER  Cuttings 

DRILLING  METHOD  Air  Rotary 

DRILL  BIT  6"  tri-cone  roller  bit 

NO.  OF  !  DIST.  4  c 

SAMPLES  | 

UNDIST.  o 

SIZE  AND  TYPE  OF  CASING  NONE 

WATER  |  FIRST 

LEVEL 

COMPL.  j  24  HRS- 

TYPE  OF  PERFORATION  NONE 

FROM  TO 

LOGGED  BY: 

J.R.  Raymond 

CHECKED  BY: 

J.  Strandberg 

SIZE  AND  TYPE  OF  PACK  NONE 

FROM  TO 

TYPE  OF  SEAL 

NO.  1  Bentonite  Backfill 

FROM  TO 

230  286 

NO.  2  Grout  Backfill 

FROM  TO 

0  230 

Q-  ® 
uj  $ 

Q  rt- 


LITHOLOGIC 

DESCRIPTION 


Well  Completion 
Diagram 


a.  5 

Si 


SAMPLES 


REMARKS 

(Drill  Rale.  Fluid  Loss.  Odor,  etc.) 


200- 


Limey  shaley  rubble:  contains  angular,  multicolored  rock  fragments  to 
1 '  some  sand,  silt  and  clay.  Rock  fragments  are  mainly  siliceous,  some 
limestone  fragments,  some  chert?  or  chalcedony?,  some  fragments 
have  caliche  or  calcite  coating. 


sand  and  silt  and  mud/siltstone 


Clay  layer 

Rock  or  boulders 

gravel:  sub-  angular  to  sub-  rounded 


Rock  or  boulder 


Clay:  brownish-orange 
Clay:  contains  minor  angular  gravels,  chert? 


Clay:  minor  coarse-grained  sand,  few  large  angular  fragments.  Clay  color 
changes  from  brown/orange  to  gray. 


Clay  diminishing;  more  coarse  sand  to  fine  gravel; 
siltstone'mudstone:  gray,  no  reaction  with  HCI. 


limestone:  gray , "bedrock"? 

some  angular  rock  fragments  (carried  down?) 


sand/gravel  (carried  down?) 
TOTAL  DEPTH  286’ 


ji 


5  *? 


5-1 


5-2 


5-3 


5-4 


5-5 


5-6 


5-7 


5-8 


5-9 


5-11 


220 


5-12 


260-  5-14 


5-15 


Very  small  amount  of  water  at  102.5' 


No  additional  water 


5-10 

& 

5-10A 


-  5-13 

Limestone  probably  fractured  and 
weathered 

No  additional  water  encountered 
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Woodward-Clyde  Consultants 


PROJECT  NAME  Thousand  Springs  Energy  Project 


pgQ  90270  B 


BORING  LOCATION  MW  -6 

SW1/4,  SE1/4,  Sedion  19,  T42N,  R66E 

ELEVATION  AND  DATUM 

5378  ft.  MSL  (ground  surface) 

DRILLING  AGENCY  R.D.  Reynolds  Drilling 

DRILLER 

R.  Reynolds 

DATE  STARTED  7/26/88 

DATE  FINISHED  7/28/88 

DRILLING  EQUIPMENT  Schram  Rota  Drill 

COMPLETION 

DEPTH 

SAMPLER  Drill  Cuttings 

DRILLING  METHOD  Ai  Rotary 

DRILL  BIT 

6“  drag  bit 

6”  tungsten  carbide  insert  bit 

NO.  OF 
SAMPLES 

j  DIST.  39 

UNDIST.  o 

SIZE  AND  TYPE  OF  CASING  None 

WATER 

LEVEL 

j  FIRST 

COMPL.  ;  24  HRS. 

TYPE  OF  PERFORATION 


SIZE  AND  TYPE  OF  3ACK 


Non© 


TYPE  OF  SEAL 


No.  1  Grout  to  surface 


NO.  2 


Q.  s 

Si 


FROM 

TO 

FROM 

TO 

FROM 

0 

TO 

526 

FROM 

TO 

LOGGED  BY: 

J.R.  Raymond 


CHECKED  BY: 

J.  Strandberg 


LITHOLOGIC 

DESCRIPTION 


Well  Completion 
Diagram 


if 

Q  ^ 


SAMPLES 

\ 

6-2 

6-3 

6-4 

6-5 

6-6 

6-7 

6-8 

6-9 

6-10 

6-11 

6-12 

6-13 

6-14 

6-15 

6-16 

6-17 

6-18 

6-19 

6-20 

6-21 

6-22 

6-23 

6-24 

6-25 

6-26 

6-27 

REMARKS 

(Drill  Rale,  Fluid  Loss,  Odor,  etc.) 


1 


alluvium:  surftciaJ  sand,  silt  and  angular  gravel 

Mixed  angular  rock  fragments,  mostly  calcareous  with  some  siliceous  rocks. 
Angular  rock  fragments  broken  by  drill  bit.  Minor  amounts  of  silt  and  sand. 

Smaller  rock  fragments,  some  darker  colored,  mostly  limey  material 
day;  angular  rock  fragments:  mostly  limestone 

Limestone:  fractured  and  broken 


Smaller  limestone  fragments  (less  broken  by  drill)  may  indicate  less  fracturing. 
Material  is  not  highly  indurated.  Other  rock  fragments  may  be  carried  from  above. 


Clay;  limestone  fragments 
Limestone;  Irttle  or  no  day 

Limestone:  dark  gray,  drill  cuttings  oonsist  of  medium-sized  angular  fragments 


Limestone:  more  indurated, 
smaller  fragments 


i,  drill  cuttings  a|s  br|ken  into 

V  /  / 


240- 


260 


280- 


A  few  lighter  colored  mudstone/siltstone  fragments  appearing 


60 


160 


At  20*  well  produdng  -1  gpm 


Limestone  “bedrock”  at  55' 


Hole  continues  to  produce  ~1  gpm 


Hole  produdng  -3  gpm 


280 


BORING  LOG  OF  BORING  NO.  MW-6  SHEET  1  OF  2 


Si 

300- 

320- 

340 

360 

380- 

400- 

420- 

440- 

460  - 

480- 

500- 

520- 

540- 

560 

580 

600 

620 

640 


idward-Clyde  Consultants 


PROJECT  NAME  Thousand  Springs  Energy  Project  NO.  9Q270B 


LITHOLOGIC 

DESCRIPTION 


Some  limestone  fragments  show  banding  and  layering 


Basalt:  black,  mainly  aphanrtic.  some  material  may  be  sloughed  from  above 


Cannot  detect  or  distinguish  between  discrete  basalt  flows  if  present 


Few  pieces  of  quartzite  and  some  zeolite  inclusions  in  the  basalt  matrix 

Some  green  colored  weathered  rock  fragments 

Basalt:  harder,  fragments  are  smaller,  some  gray  colored  rock  fragments 

Pyrite  crystals  present 


Basalt  to  total  depth 


Well  Completion 
Diagram 


si 


380 


440- 


500 


SAMPLES 


8-34 


6-35 


6-36 


REMARKS 

(Drill  Rate,  Fluid  Loss.  Odor,  etc.) 


Hole  producing  3-5  gpm 


Hard  drilling 


Changed  to  6’  tungsten  carbide  insert  bit 


Hole  making  3-5  gpm 
a - 6-39 
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PROJECT  NAME  Thousand  Springs  Energy  Project  NO.  90270B 


BORING  LOCATION  MW-7 

NE 1/4,  SW1/4,  Section  21,  T41N,  R66E 

ELEVATION  AND  DATUM 

5784  ft  MSL  (ground  surface) 

DRILLING  AGENCY  R.  D.  Reynolds  Drilling 

DRILLER 

R.  Reynolds 

DATE  STARTED 
DATE  FINISHED 

7/25/88 

7/2&88 

LING  EQUIPMENT  Schram  Ftota  Drill 

COMPLETION 

DEPTH 

SAMPLER 

cuttings 

DR  ILLING  M  ETHOD  At  r  Rotary 

DRILL  BIT 

6"  drag  bit 

NO.  OF  |  DIST. 

SAMPLES  i 

13 

UNDIST. 

0 

SIZE  AND  TYPE  OF  CASING 

WATER  !  FIRST 

LEVEL  j 

COMPL 

:  24  HRS. 

TYPE  OF  PERFORATION 


None 


SIZE  AND  TYPE  OF  PACK 


TYPE  OF  SEAL 


No.  i  Cement  Grout 


TO 


TO 


J.R.  Raymond 


CHECKED  BY: 


K.  Teague 


TO  160 


TO 


a-  © 

lu  © 
O  ^ 


220- 


LITHOLOGC 

DESCRIPTION 


alluvium:  surficiai  sand,  silt  and  angular  gravel 

3/4  "  gravels  (angular,  multicolored)  rock  fragments  siliceous  and 

carbonaceous 

Clay:  brown,  soft 

Gravel:  mixed  with  sand  and  clay 

Brown  day:  minor  sand,  silt  and  gravel 


Color  change  in  drill  cuttings:  from  brown  to  gray;  gray  limestone 
fragments 


Limestone  minor  clay;  sand  (dragged  down?) 


Limestone-  "bedrock"?  continues,  harder 


a 
\  < 


Black  colored  limestone  seam  or  stnnger  at  1 50'  depth 
- . - Total  Depth 


JV 160' 


Wall  Complation 
Diagram 


DL  1 

si 


40- 


240- 


SAMPlES 


7-1 


7-2 


7-3 


7-4 


7-5 


7-6 


7-7 


7-8 


7-9 


7-10 


7-11 


7-12 


7-13 


REMARKS 

(Drill  Rale,  Fluid  Loss.  Odor,  etc.) 


Limestone  "bedrock”  at  65'  BGS 


Total  Depth  160’  BGS 
No  Water 
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PROJECT  NAME  Thousand  Springs  Energy  Project  NO.  90270B 


BORING  LOCATION  MW-12 

SW1/4,  SW1/4,  Section  31.T41N,  R66E 


ELEVATION  AND  DATUM  5594  ft  MSL  (ground  surface) 


DRILLING  AGENCY  R.  D.  Reynolds  Drilling 


DRILLER  B.  Miller 


DATE  STARTED 
DATE  FINISHED 


7/8/88 
7/1 6/88 


DRILLING  EQUIPMENT  Schram  Rota  Drill 


COMPLETION 

DEPTH 


330.5  ft 


SAMPLER 


cuttings 


DRILLING  METHOD  Air  and  Mud  Rotary 


DRILL  BIT  10“  tri-corse  roller  bit 

6-1./4"  topng-rglteLfeiL, 


NO.  OF  :  DIST. 
SAMPLES  : 


23 


SIZE  AND  TYPE  OF  CASING  T  Schedule  80  PVC 

1-1/4"  Schedule  40  PVC 


WATER 

LEVEL 


COMPL. 


TYPE  OF  PERFORATION  2"  Schedule  80  stoned  (0.020)  PVC 

1  -1/4"  Schedule  40  saw -cut  PVC 

FROM  280.5  TO  300.5 

FROM  130.0  TO  150.0 

SIZE  AND  TYPE  OF  PACK  Fine  sand 

Wadsworth  Grave) 

FROM  260.0  TO  270.0 

FROM  110  TO  160  FROM  270  TO  330 

TYPE  OF  SEAL 

NO.  1  Cement  Grout 

FROM  0.0  TO  100.0 

Bentonite 

NO  2 

Bentonite  and  gravel 

FROM  100  TO  110  FROM  250  TO  280 

FROM  160  TO  170  FROM  310  TO  330 

FROM  170  TO  250  FROM  330  TO  600 

24  HRS. 


LOGGED  BY: 


M.  Castellanos 


CHECKED  BY: 


J.  Strandberg 


si 


180- 


LITHOLOGIC 

DESCRIPTION 


Soil  horizon  with  assorted  gravels 

Sand:  buff  to  yellowish-gray,  fine-grained  with  minor  coarse-grained 
sand,  sub-rounded  to  sub-angular,  moderately  sorted,  moderately 
indurated,  calcite  chips  present 


Gravelly  sand:  fine  to  coarse  grained,  gravels  to  10  mm,  green  (epidote?) 
red  (jasper),  brown  (volcanic),  black(homfels?) 


As  above 


Gravelly  sand:  poorly  sorted,  gravel  to  20  mm.  30%  sub-angular;  sand: 
fine  to  coarse  grained,  trace  of  calcite 


As  above 


Gravelly  sand:  unconsolidated,  poorly  sorted,  fine  to  coarse  grained;  minor 
silt;  minor  gravel  (~2%),  sub-angular 


Sand:  fine  to  coarse  grained,  minor  gravel(~3%),  sub-angular  to 
sub-rounded,  trace  of  carbonate  chips 


Well  Completion 
Diagram 


I 

f- _ 

Q-  * 
ui  S 

q«L 


60 


SAMPLES 


REMARKS 

(Drill  Rale.  Fluid  Loss,  Odor,  etc.) 


Air  rotary  drilling 


Convert  to  mud  rotary 


Water  possibly  encountered 


Water  definately  encountered 
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PROJECT  NAME  Thousand  Springs  Energy  Project  NO.  90270B 


Woodward-Clyde  Consultants 


PROJECT  NAME  Thousand  Springs  Energy  Project  NO.  902709 


BORING  LOCATION  MW-16 

NWl/4,  NE1/4,  Section  8.  T40N,  R67E 


ELEVATION  AND  DATUM  5750  ft  MSL  (ground  surface) 


DRILLING  AGENCY  R.D.  Reynolds  Drilling 


DRILLER  R.  Reynolds 


DATE  STARTED  11 /I S/88 
DATE  FINISHED  12/2/88 


DRILLING  EQUIPMENT  Bucyrus  Erie  Cable  Tool 


COMPLETION  320  ft. 
DEPTH 


DRILLING  METHOD  Cable  tool 


DRILL  BIT 


NO.  OF  i  DIST. 
SAMPLES 


UNDIST. 


SIZE  AND  TYPE  OF  CASING  2"  SCH80  PVC 


WATER  :  FIRST 
LEVEL 


COMPL. 


TYPE  OF  PERFORATION  2*  SCH  80  PVC  0.020’  slot 


SIZE  AND  TYPE  OF  PACK  Wadsworth  Gravel 


TYPE  OF  SEAL 


NO.  1  Bentonite  Cement 


NO.  2  Backfill:  drill  cuttings 


CL  S 
UJ  ® 
O  & 


225- 


250 


300  TO  320 


50  TO  320 


LOGGED  BY: 

H.  Merrell 


FROM 


0  TO 


FROM  320  TO  600 


LITHOLOGIC 

DESCRIPTION 


Surface  to  5  ft-  soil,  tan  silt  and  day.  angular  rock  fragments,  plant  roots 


As  above;  minor  fine-grained  sand 

As  above,  minor  very  ooarse-grained  sand:  sub-angular 


Clay:  It  tan.  soft,  gummy;  volcanic  tuff:  dk.  gray,  very  fine-grained,  fissile,  exhibits 
bedding  <1  mm  thick 


Volcanic  tuff:  dk.  gray,  fine  to  very  fine-grained,  very  thin  bedded  (<  0.1  to  0.3  mm) 
cuttings  come  to  surface  as  1/8"  to  1/4*  angular  to  sub-angular  frag¬ 
ments;  minor  day:  cfc  gray.  soft,  gummy,  plastic 


As  above;  cuttings  at  surface  fine  grained  sand-sized 


As  above;  cuttings  at  surface  1/4’  to  1/2",  minor  day:  It.  gray,  soft,  gummy 


As  above,  cuttings  a!  surface  -•1/2'.  minor 


As  cbcve,  cuttings  at  surface  '1/2",  minor  day 


Clay:  It.  gray,  soft ,  gummy:  minor  volcanic  tuff  as  above 


Volcanic  tuff:  dk.  gray,  fine  to  very  fine-grained,  very  thin  bedded  (<  0.1  to  0.3  mm) 
cuttings  oo me  to  surface  as  1/8’  to  1/4’  angular  to  sub-angular  frag¬ 
ments;  minor  day:  dk.  gray,  soft,  gummy,  plastic 


Volcanic  tuff:  as  above,  no  clay 


Well  Completion 
Diagram 


$ 

.1 


'hsA 


/ 


250 


CHECKED  BY; 
K.  Teague 


SfMRLES 

\ 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

REMARKS 

(Drill  Rale,  Fluid  Loss,  Odor,  etc.) 
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PROJECT  NAME  Thousand  Springs  Energy  Project  NO.  90270B 


LITHOLOGIC 

DESCRIPTION 


Clay:  dk.  gray,  soft,  gummy;  minor  vole,  tuft  as  above 


Volcanic  tuff:  dk.  gray,  fine  to  very  fine-grained,  very  thin  bedded  (<  0.1  to  0.3  mm) 
cuttings  come  to  surface  as  1  /4‘  to  1/2"  angular  to  sub- angular  frag¬ 
ments;  minor  day.  dk.  gray,  soft,  gummy,  plastic 

As  above 


As  above,  less  day 


As  above:  cuttings  consist  of  sub-angular  silicic  fragments 


Volcanic  tuff:  dk.  gray,  fine  to  very  fine-grained,  very  thin  bedded  (<  0.1  to  0.3  mm) 
cuttings  come  to  surface  as  1/4"  to  1/2"  angular  to  sub-angular  frag¬ 
ments;  minor  chert;  white,  transluoent 

As  above 


As  above 


Total  Depth  600  ft. 


Well  Compietion 
Diagram 


^Vvv-.V 


Q.  B 

Si 


475- 


550 


46 


46 


52 


REMARKS 

(Drill  Rate.  Fluid  Loss.  Odor,  etc.) 
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PROJECT  NAME  Thousand  Springs  Energy  Project  NO.  90270B 


Woodward-Clyde  Consultants 


FIELD  LOG  OF  BORING  NO.  MW-17  SHEET  1  OF  2 


Hid 
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PROJECT  NAME  Thousand  Springs  Energy  Project  NO.  90270  B 


BORING  LOCATION  TW  -1 

SE1/4,  SE1/4,  Section  35.  T42N,  R65E 

ELEVATION  AND  DATUM  5386  ft.  MSL  (ground  surface) 

DRILLING  AGENCY  R.D.  Reynolds  Drilling 

DRILLER  R.  Reynolds 

DATE  STARTED  9/13/88 

DATE  FINISHED  9/15/88 

DRILLING  EQUIPMENT  Sehram  Rota  Drill 

COMPLETION  .... 

DEPTH  315 " 

SAMPLER  Drill  Cuttings 

DRILLING  METHOD  Air  Rota^  w/toam 

DRILL  BIT  9-7/8’  tri-cone  roller  bit 

NO.  OF  j  DIST. 

SAMPLES  j 

UNDIST. 

SIZE  AND  TYPE  OF  CASING  6*  SCH.  40  steel 

WATER  j  FIRST 

LEVEL  i  - 

COMPL.  :  24  HRS. 

TYPE  OF  PERFORATION  Fadory  wirewound 

0.050  slot 

SEE  COMPLETION  GRAPHIC 

LOGGED  BY: 

H.  Merrell 

CHECKED  BY: 

K.  Teague 

SIZE  AND  TYPE  OF  PACK  Wadsworth  gravel 

1 

FROM  50  TO  330 

TYPE  OF  SEAL 

NO.  1  Cement  grout 

FROM  0  TO  50 

NO  .  2 

FROM  TO 

0-  S 

Si 


100- 


150- 


175- 


275- 


325 


LITHOLOGIC 

DESCRIPTION 


IrrterOedded  day  and  gravel 


Sand:  tan,  fine  to  coarse  grained,  subangular  to  subrounded,  poorly  sorted 


as  above:  with  trace  of  white  day,  light  purple  quartz 


as  above 


Shale,  light  blue-green 


Total  Depth  330  ft. 


Well  Completion 
Diagram 


- 


250 


SAMPLES 


REMARKS 

(Drill  Rate,  Fluid  Loss,  Odor,  etc.) 


1st  water,  very  slight 


water  produdion  steadily  increasing  with 
depth,  good  flow 


estimated  300-400  gpm  water  discharged 
while  drilling 


FIELD  LOG  OF  BOFIING  NO.  TW-1  SHEET  1  OF  1 


FILED  LOG  OF  BORING  NO.  7W-3  SHEET  1  OF  2 


FILED  LOG  OF  BORING  NO.  7W-3  SHEET  2  OF  2 
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PROJECT  NAME  Thousand  Springs  Energy  Project  NO.  90270  B 


BORING  LOCATION  TW  -1 2 

SW1/4.  SW1/4,  Section  31,  T41N.  R66E 


ELEVATION  AND  DATUM  5595  ft.  MSL  (ground  surface) 


DRILLING  AGENCY  R.D.  Reynolds  Drilling 


DRILLER  K.  Scruggs 


DATE  STARTED  7/3/88 
DATE  FINISHED  8/12/88 


•  DRILLING  EQUIPMENT  Schram  Rota  Drill 


COMPLETION 

DEPTH 


SAMPLER  Drill  Cuttings 


DRILLING  METHOD  Air  Rotary  w/foam 
Mud  Rotary 


DRILL  BIT  9-7/8*  tri-cone  roller  bit 


NO.  OF 
SAMPLES 


DIST. 


UNDIST. 


SIZE  AND  TYPE  OF  CASING  6*  SCH.  40  steel 


WATER 

LEVEL 


FIRST 


COMPL. 


24  HRS. 


TYPE  OF  PERFORATION 

Factory  wirewound 

0.050  slot 

SIZE  AND  TYPE  OF  PACK 

Wadsworth  gravel 

TYPE  OF  SEAL 

NO.  1 

Cement  grout 

NO.  2 

Bentonite  pellets 

T. 

Si 


170 

to 

270 

FROM 

2#C 

to 

310 

330 

to 

360 

FROM 

50 

TO 

142 

150 

370 

FROM 

0 

TO 

50 

FROM 

142 

TO 

150 

LOGGED  BY: 
H.  Merrell 


CHECKED  BY: 
K.  Teague 


LITHOLOGIC 

DESCRIPTION 


Gravelly  soil  horizon 

Sand:  fine-grained,  tan  to  yellowish  gray,  sub-angular  to  sub-rounded 


Gravelly  sand:  fine  to  coarse-grained,  sub-round  to 
sub-anguiar,  gravel  to  10  mm-  red,  green,  brown,  black 


Gravelly  sand:  as  above,  gravel  to  20  mm,  sub-angular 
trace  of  caicite 


as  above,  trace  of  silt  and  less  gravel 


Sand:  fine  to  coarse-grained,  trace 
fragments 


Gravelly  sand:  medium  to  coarse-grained,  sub-angular  gravel 


As  above 


-Total  Depth  370  ft. 


Well  Completion 
Diagram 


ol  v 
UJ  % 

ot. 


120 


180- 


240 


SAMPLES 


REMARKS 

(Drill  Rale.  Fluid  Loss.  Odor,  etc.) 


Drilling  with  air 


Water  al  1 1 5  ft. 


Hole  sloughing,  convert  to  mud  rotary 


Lost  circulation  al  292  ft. 


FIELD  LOG  OF  BORING  NO.  TW-12  SHEET  1  OF  1 


FIELD  LOG  OF  BORING  NO.  TW-14  SHEET  1  OF  2 


FIELD  LOG  OF  BORING  NO.  TW-14  SHEET  2  OF  2 
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PROJECT  NAME  Thousand  Springs  Energy  Project  NO.  902706 


BORING  LOCATION  TW-15 

NW1/4,  SW1/4,  Sedion  9,  T39N,  R66E 

ELEVATION  AND  DATUM 

5721  ft.  MSL  (ground  surface) 

DRILLING  AGENCY  R.D.  Reynolds  Drilling 

DRILLER 

R.  Reynolds 

DATE  STARTED  8/17/88 

DATE  FINISHED  8/25/88 

DRILLING  EQUIPMENT  Schram  Rota  Drill 

COMPLETION 

DEPTH 

SAMPLER  Drill  Cuttings 

DRILLING  METHOD  Air  Rotary  w/toam 

DRILL  BIT 

9-7/8*  drag  bit 

9-7/8“tri-cone  roller  bit 

NO.  OF  DIST. 

SAMPLES  j 

UNDIST. 

S IZE  AND  TYPE  OF  CAS  ING  6*  SCH.  40  stee! 

WATER  :  FIRST 

LEVEL  : 

COMPL.  j  24  HRS, 

TYPE  OF  PERFORATION 


Factory  wirewound 
0.050  slot 


SIZE  AND  TYPE  OF  PACK  Wadsworth  gravei 


0-.  £ 
si 


25- 


200- 


FROM  275  TO  395 


LOGGED  BY; 
H.  Merrell 


FROM  70  TO  240 
245  425 


CHECKED  BY; 
K.  Teague 


TYPE  OF  SEAL 

NQ  ^  Cement  grout 

ft 

FROM  0  TO  70 

NO.  2  Bentonite  pellets 

it. 

n 

1 

FROM  240  TO  245 

LITHOLOGIC 

DESCRIPTION 


Clay:  It.  tan,  soft 

Gravel;  coarse,  dark  gray  &  black 
Gravel  and  day 


Silty  day;  It.  tan 

Clay;  It.  tan  &  black;  minor  gravel 

Siltstone;  ft.  tan;  gravel:  fine-grained 

Clay:  It.  tan;  minor  gravel 

Clay:  It.  tan 
Silty  Clay:  It.  tan 


X> 


275 


300- 


Gravel:  black,  tan,  gray,  pea-sized 


Sand:  It  brown-tan,  fine  to  medium-grained 


gravel:  fine  to  medium-grained 


Sand:  It  gray,  fine  to  coarse-grained,  subrounded,  well  sorted, 
cemented 


Well  Completion 
Diagram 


I?1 

st 


SAMPLES 

No. 

Tma 

125- 


150- 


175- 


200- 


325- 


REMARKS 

(Drill  Rale,  Fluid  Loss.  Odor,  etc.) 


Drilling  with  air  &  foam,  10*  hole 


Bore  begins  producing  water 


Water  flow  increasing 


FIELD  LOG  OF  BORING  NO.  TW-15  SHEET  1  OF  2 


FELD  LOG  OF  BORING  NO.  TW-15  SHEET  2  OF  2 


90270B-APP  CON 


APPENDIX  F 
AQUIFER  TESTING  PROCEDURES 


APPENDIX  F 
AQUIFER  TESTING  PROCEDURES 


1.0  INTRODUCTION 


To  assess  the  hydraulic  characteristics  of  the  u  neon  sqJ  lasted  sediments 
of  the  Toano  Draw  subbasin,  six  aquifer  tests  were  performed,  at  test  wells 
TW-1 ,  TW-3 ,  TW-12 ,  TW-14,  TW-15  and  at  an  unus.ed  irrigation  well  located  in 
SW1/4,  NE1/4,  Section  35,  Township  41,  Range  65  (41/&6-35ad).  Eight-hour 
constant  rate  pumping  tests  were  performed  at  wells  TW-3,  TW-14,  and 
TW-15.  Forty-eight-hour  constant  rate  pumping \^h%viere  performed  at 
wells  TW-1  and  TW-12.  A  13-day  constant,  rate  pumping  test  was  performed  at 
well  41-65-35ad.  MW-series  monitorilw'Ve4T|^Wce  installed  within  100  feet 
of  test  wells  TW-1,  TW-3,  TW-12,  and  wel\  4-l-65-35ad  to  provide  additional 
water  level  data  during  drawdown  and  recovery  periods  of  the  aquifer  tests. 


2  In-Situ  Environmental  Dataloggers,  Model  SE1000B 
2  100  PS  I  x  400  foot  In-Situ  Pressure  Transducer 

1  50  PSI  x  400  foot  In-Situ  Pressure  Transducer 

1  In-Situ  Portable  Field  Printer 
1  500  foot  Solinst  Water  Level  Indicator 
1  300  foot  Solinst  Water  Level  Indicator 
1  Rockwell  In-line  Turbine  Flowmeter/Totalizer 
1  digital  chronometer 
1  calibrated  5-gallon  plastic  bucket 
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•  1  diesel  powered  electric  generator,  w/  electrical  wiring,  fuses, 
and  switchbox 

•  1  1.5  HP  electric  submersible  pump  w/  electrical  wiring  and  suf¬ 

ficient  2"  std.  galvanized  pipe 

•  1  2"  threaded  brass  gate  valve 

•  1  100  foot  vinyl  discharge  hose 

•  1  9-5/8"  0.0.  10-stage  vertical  line  shaft  all 

drive  and  pumping  accessories 


2.2  Background  Depth  to  Water  Level  Measurements 


For  at  least  3  days  prior  to  conducting  each  aquifer  test,  depth  to 
water  levels,  as  measured  below  top  of  casing/  was  monitored  in  the  test 

J'  J 

well  and  monitoring  wells  as  available,  to  eqsu^e/that  each  well  had  fully 
recovered  from  previous  well  development  activities. 


led  by  setting  the  appropriate 


pump  in  the  test  well  and  all  water  level  monitoring  instruments  in  the 
test  well  and  monitoring  well(s).  Proper  functioning  of  the  instruments 
was  then  checked.  If  necessary,  a  step  drawdown  test  was  conducted  to 
determine  an  optimum  pumping  rate  during  the  subsequent  aquifer  test. 

After  the  step  drawdown  tests,  the  wells  were  allowed  to  recover  to  static 
water  levels,  and  then  the  test  well  was  pumped  at  a  constant  rate  for  8  or 
48  hours.  When  the  test  period  was  complete,  pumping  was  terminated  and 
the  wells  were  allowed  to  recover.  Water  levels  in  both  the  test  well  and 
monitoring  well(s)  were  recorded  by  the  datalogger  during  both  pumping  and 
recovery  phases  of  the  test.  The  operating  procedure  for  each  test  will  be 
described. 
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3.1  48-Hour  Constant  Rate  Aquifer  Test  of  Test  Well  TW-1 

A  step  drawdown  test  and  subsequent  48-hour  constant  rate  aquifer  test 
were  performed  on  test  well  TW-1  during  the  period  October  5-8,  1988. 

Depth  to  water  measurements  in  TW-1  and  its  adjacent  monitoring  well  MW-1 
were  taken  3  consecutive  days  in  advance  of  the  aquifer  test.  Pre-test 
measurements  showed  the  water  level  in  the  wells  to  be  under  artesian  con¬ 
ditions  at  about  0.5  feet  above  ground  surface.  f\ 

A  1.5  HP  electric  submersible  pump  with  a  2"  discharge  line  was  set  in 
the  test  well  at  a  depth  of  240  feet.  Available  drawdown  wlsS!!tftHS  approx¬ 
imately  240  feet.  Total  depth  of  the  well  is  315  feet.  The  discharge  line 
was  directed  away  from  the  working  area.  A  gate8  valye  was  installed  in  the 
discharge  line  upstream  of  the  flow  meter  to  control  the  pumping  rate. 

Water  pumped  from  the  well  was  discharged  through  ^flexible  vinyl  hose 
approximately  100  feet  away  into  the  dry  bed  of  Thtysjjnd  Springs  Creek. 
Water  level  monitoring  instruments  were  placed  at  the  appropriate  depths  in 
both  wells  and  checked  for  proper  functioning.  A  Solinst  water  level 
indicator  was  lowered  into  each  well  for  verification  of  water  levels 
recorded  by  the  datalogger  during  the  test  period.  The  datalogger  was  set 
to  sample  water  levels  at  the  following  logarithmic  rate: 

Cycle  Elapsed  Time  Log  Sample  Rate 

1  - — .0-2  secv  >  0.033  sec. 


2 

3 

4 

5 


0.166  sec 
0.833  sec 
30  sec. 


. 

100-1000  min. 


10-100  min. 


2  min. 
10  min. 


6 

7 


1000-10000  min. 


100  min. 
500  min. 


8 


10000-100000  min. 
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When  it  was  confirmed  that  all  personnel,  equipment,  and  instruments 
were  prepared,  the  step  drawdown  test  was  started.  The  initial  pumping 
rate  of  30  GPM  was  maintained  for  1  hour.  Flow  rate  and  volume  were 
measured  using  the  flow  meter  and  chronometer  and  verified  by  inserting  the 
calibrated  bucket  into  the  discharge  stream  and  measuring  the  time  required 
to  fill  it.  Maximum  drawdown  at  the  end  of  the  first  step  in  TW-1  was  5.93 
feet  and  in  MW-1  was  2.21  feet.  The  pumping  rate  was  increased  to  60  GPM 
for  the  2nd  hour  of  the  step  test.  Maximum  drawdown  at  the  end  of  the 
second  step  in  TW-1  and  MW-1  was  14.65  feet  and  4.92  feet,  respectively. 

For  the  third  step  of  the  test,  the  pumping  rate  was  increased  to  75  GPM 
and  maintained  for  1  hour.  Maximum  drawdown  at/ti§e  end  of  the  third  step 
in  TW-1  was  20.30  feet  and  in  MW-1  was  6.49  feet.  Re  pump  rate  for  the 
forth  and  final  step  of  the  test  was  increased  to  the  maximum  output  of  the 
pump,  approximately  85  GPM.  Maximum  drawdown  at  the  end  of  the  4th  hour 
was  22.80  feet  in  TW-1  and  7.83  feet  in  MW-1.  Pumping  was  then  terminated 
and  recovery  was  monitored  by  the  datalogger.  The  well  was  left  overnight 

to  fully  recover  before  starting  the  48-hour  t£StJ? 

\  \  /  / 

\  f 

Because  maximum  drawdown  in  TW-1  was  approximately  23  feet  at  maximum 
pump  output  and  the  available  drawdown  was  240  feet,  it  was  decided  that 
the  optimum  pumping  rate  would  be  70  GPM  for  the  48-hour  test.  This  would 
allow  for  adjusting  the  pumping  rate  to  maintain  the  optimum  rate  while  the 
pumping  lift  increased  during  the  test. 

After  all  water  level  monitoring  instruments  were  reset  and  checked  for 
proper  functioning,  and  full  recovery  verified  in  both  wells,  the  48-hour 
constant  rate  aquifer  test  was  started  the  morning  of  October  6,  1988.  The 
well  was  pumped  at  a  rate  of  70  GPM  for  48  hours.  The  pumping  rate  was 
checked  hourly  using  the  flow  meter  and  chronometer  and  adjusted  if  needed. 
The  pumping  rate  never  varied  more  than  3  percent  from  the  optimum. 
Electrical  output  of  the  generator,  as  well  as  fuel  and  oil  levels  of  the 
diesel  engine,  were  also  checked  hourly  and  maintained  at  safe  operating 
levels.  Water  levels  in  both  wells  were  sampled  by  the  datalogger  at  the 
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logarithmic  rate  discussed  earlier  and  verified  using  the  Solinst  water 
level  indicators.  Maximum  drawdown  in  TW-1  and  MW-1  was  21.91  feet  and  8.87 
feet,  respectively.  Pumping  was  terminated  the  morning  of  October  8, 

1988.  Recovery  was  then  monitored  in  both  wells  until  90  percent  recovery 
was  achieved.  Pumping  and  recovery  data  were  printed  and  all  instruments 
and  equipment  removed  from  the  wells. 


✓  ) 

3.2  48-Hour  Constant  Rate  Aquifer  Test  of  Test  Well  TK-12 

A  step  drawdown  test  and  subsequent  48-hour  constant  rate  aquifer  test 
were  performed  on  test  well  TW-12  during  the  period  SctoberN^oH^,  1988. 
Depth  to  water  measurements  in  TW-12  and  its  monitoring  well,  P-tW-12,  were 
taken  3  consecutive  days  in  advance  of  the  agdifer  leyst.  Depth  to  water  as 
measured  below  top  of  casing  ranged  from  12$. 22  gee t  to  125.35  feet  for  TW- 
12  and  124.90  to  125.07  feet  for  MW-12.  Pre-test  measurements  were  124.23 


feet  and  124.90  feet  for  TW-12  and  MW-12,  respectively 


ischarge  line  was  set  in 
drawdown  was  thus  approx- 
360  feet.  The  discharge  line 


A  1.5  HP  electric  submersible  pump 
the  test  well  at  a  depth  of  240  feet, 
imately  115  feet.  Total  de^fTr^the  we 
was  directed  away  from  the  working  area.  A  gate  valve  was  installed  in  the 
discharge  line  upstream  of  the  flow  meter  to  control  the  pumping  rate. 

Water  pumped  from  the  well  was  discharged  through  a  flexible  vinyl  hose 
approximately  100  feet  away  into  a  small  tributary  of  Toano  Draw.  Water 
level  monitoring  instruments  were  placed  at  the  appropriate  depths  in  both 
wells  and  checked  for  proper  functioning.  A  Solinst  water  level  indicator 
was  lowered  into  each  well  for  verification  of  water  levels  recorded  by  the 
datalogger  during  the  test  period.  The  datalogger  was  set  to  sample  water 
levels  at  the  logarithmic  rate  discussed  earlier. 


When  it  was  confirmed  that  all  personnel,  equipment,  and  instruments 
were  prepared,  the  step  drawdown  test  was  started.  The  initial  pumping 
rate  of  50  GPM  was  maintained  for  68  minutes.  Flow  rate  and  volume  were 
measured  using  the  flow  meter  and  chronometer  and  verified  by  inserting  the 
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calibrated  bucket  into  the  discharge  stream  and  measuring  the  time  required 
to  fill  it.  Maximum  drawdown  at  the  end  of  the  first  step  in  TW-12  was 
5.95  feet.  Drawdown  was  not  measured  in  the  monitoring  well  for  this  step 
test.  The  pumping  rate  for  the  second  and  last  step  of  the  test  was 
increased  to  the  maximum  the  pump  could  produce,  75  GPM.  This  rate  was 
maintained  for  67  minutes.  Maximum  drawdown  at  the  end  of  the  second  step 
was  9.44  feet.  Pumping  was  then  terminated  and  the  wel l/t^lowed  to  recover 
overnight. 

Because  the  maximum  drawdown  in  TW-12  was  approximately^. 5\feet  and 
the  available  drawdown  was  115  feet,  it  was  dec^&sd  that  the  optimum  pump¬ 
ing  rate  for  the  48-hour  test  would  be  65  GPM.  This  would  allow  for 
increasing  the  pumping  rate  to  maintain  the  optimum  rate  should  well  pro¬ 
duction  diminish  during  the  test. 


After  all  water  level  monitoring['ipitftfmants  were  reset  and  checked  for 
proper  functioning,  and  full  recovery  verified  in  both  wells,  the  48-hour 
constant  rate  aquifer  test  was  started  on  the  morning  of  October  11, 

1988.  The  well  was  pumped  ap^s^te  of  65  GPM  for  48  hours.  The  pumping 
rate  was  checked  hourly  using  the  flow  meter  and  chronometer  and  adjusted 
if  needed.  The  pumping  rate  never- varied  more  than  3  percent  from  the 
optimum.  Electrical  output  of  the  generator  as  well  as  fuel  and  oil  levels 
of  the  diesel  eng in^^wer^  also  ‘checked  hourly  and  maintained  to  safe 
operating  levels.  Water  levels  in  both  wells  were  sampled  by  the 
datalogger  at  the  logarithmic  rate  discussed  earlier  and  verified  using  the 
Solinst  sounders.  Maximum  drawdown  in  TW-12  and  MW-12  was  8.05  feet  and 
2.19  feet,  respectively.  Pumping  was  terminated  the  morning  of  October  13, 
1988.  Recovery  was  then  monitored  in  both  wells  until  at  least  90  percent 
recovery  was  achieved.  Pumping  and  recovery  data  were  printed  and  all 
instruments  and  equipment  removed  from  the  wells. 
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3.3  8-Hour  Constant  Rate  Aquifer  Test  of  Test  Well  TW-15 

A  complete  step  drawdown  test  of  TW-15  was  not  considered  necessary 
because  the  step  tests  performed  previously  had  not  exceeded  the  available 
drawdown.  Given  the  greater  depth  of  pumping  (340  feet)  requiring  greater 
lift,  it  was  decided  that  available  drawdown  in  TW-15  would  not  be 
exceeded.  However,  prior  to  the  8-hour  test,  the  well  was  pumped  at  the 
maximum  sustainable  rate  for  the  given  pumping  depth  to  determine  an  opti¬ 
mum  pumping  rate.  The  well  produced  67  GPM  and  the  optimum  pumping  rate 
selected  for  the  8-hour  test  was  60  GPM.  /  /\\ 


X, 


An  8-hour  constant  rate  aquifer  test  was  performed  on  TW-15  October  14, 
1988.  Depth  to  water  level  measurements  in  TW-15  were  taken  4  consecutive 
days  in  advance  of  the  aquifer  test.  Depth  to  water  measurements  ranged 
from  211.85  feet  to  212.01  feet.  The  pre-test  depth  to  water  was  211.79 
feet.  There  is  no  MW-series  monitoring  well  at  this  location. 


A  1.5  HP  electric  submersible  pump.  Wi¬ 


ll  scharge  line  was  set  in 


A 


the  test  well  at  a  depth  of  340  feet.  Available  drawdown  was  thus  approx- 

imately  128  feet.  Total  depth  of  the  well  is  400  feet.  The  discharge  line 

/  \  \f 

was  directed  away  from  the  working  area.  A  gate  valve  was  installed  in  the 
discharge  line  upstream  Qf  the  flow  meter  to  control  the  pumping  rate. 

Water  pumped  from  the  well  was  discharged  through  a  flexible  vinyl  hose 
approximately  100  feet  away  into  a  small  tributary  of  Toano  Draw.  Water 
level  monitoring  instrument^ were  placed  at  the  appropriate  depths  in  both 
wells  and  checked  for  proper  functioning.  A  Solinst  water  level  indicator 
was  lowered  into  each  well' for  verification  of  water  levels  recorded  by  the 
datalogger  during  the  test  period.  The  datalogger  was  set  to  sample  water 
levels  at  the  logarithmic  rate  discussed  earlier. 


When  it  was  confirmed  that  all  personnel,  equipment,  and  instruments 
were  prepared,  the  8-hour  aquifer  test  was  started.  The  pumping  rate  of  60 
GPM  was  maintained  for  8  hours.  The  pumping  rate  and  volume  were  measured 
using  the  flow  meter  and  chronometer  and  verified  by  inserting  the  cal- 
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ibrated  bucket  into  the  discharge  stream  and  measuring  the  time  required  to 
fill  it.  The  pumping  rate  never  varied  by  more  than  1.5  percent  from  the 
optimum.  Electrical  output  of  the  generator  as  well  as  fuel  and  oil  levels 
of  the  diesel  engine  were  also  checked  hourly  and  maintained  to  safe 
operating  levels.  Water  levels  were  sampled  by  the  datalogger  at  the 
logarithmic  rate  discussed  earlier  and  verified  using  the  Solinst  water 
level  indicator.  Maximum  drawdown  in  TW-15  was  2.03  feet.  Pumping  was 
terminated  after  8  hours  and  recovery  was  then  monitored  by  the  datalogger 
until  90  percent  recovery  was  achieved.  Pumping  and  refbQvi'ry  data  were 
printed  and  all  instruments  and  equipment  removed  from  the  wells. 

3.4  8-Hour  Constant  Rate  Aquifer  Test  of  Test  Weil  TW-14 

A  complete  step  drawdown  test  of  TW-14  was  also  not  considered  neces¬ 
sary  for  the  reasons  cited  previously  for  TW-15.  Given  the  depth  of  pump¬ 
ing  (385  feet)  and  the  capabilities  of  the  pump,  it was  decided  to  pump  the 
well  at  the  maximum  sustainable  rate  for  the  given  pumping  depth  to  deter- 
mine  an  optimum  pumping  rate.  The  well  produced  53  GPM  and  the  optimum 
pumping  rate  selected  for  the  8-hour  test  was  45  GPM. 

An  8-hour  constant  rate  aquiferr  test  was  performed  on  TW-14  October  16, 
1988.  Depth  to  water  level  measurements  in  TW-14  were  taken  four  consecu¬ 
tive  days  in  advance  of  the  aquifer  test.  Depth  to  water  measurements 
ranged  from  315.65  feet  to  315.82  feet.  The  pre-test  depth  to  water  was 
315.50  feet.  There  is  Via  MW-series  monitoring  well  at  this  location. 

1  \ 

A  1.5  HP  electric  submersible  pump  with  a  2"  discharge  line  was  set  in 
the  test  well  at  a  depth  of  385  feet.  Available  drawdown  was  thus  approx¬ 
imately  70  feet.  Total  depth  of  the  well  is  488  feet.  The  discharge  line 
was  directed  away  from  the  working  area.  A  gate  valve  was  installed  in  the 
discharge  line  upstream  of  the  rlow  meter  to  control  the  pumping  rate. 

Water  pumped  from  the  well  was  discharged  through  a  flexible  vinyl  hose 
approximately  100  feet  away  into  a  small  tributary  of  Toano  Draw.  Water 
level  monitoring  instruments  were  placed  at  the  appropriate  depths  in  the 
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well  and  checked  for  proper  functioning.  A  Solinst  water  level  indicator 
was  lowered  into  the  well  for  verification  of  water  levels  recorded  by  the 
datalogger  during  the  test  period.  The  datalogger  was  set  to  sample  water 
levels  at  the  logarithmic  rate  discussed  earlier. 


When  it  was  confirmed  that  all  personnel,  equipment,  and  instruments 
were  prepared,  the  8-hour  aquifer  test  was  started.  The  pumping  rate  of  45 
GPM  was  maintained  for  8  hours.  The  pumping  rate  and  volume  were  measured 
using  the  flow  meter  and  chronometer  and  verified  by  y^rt^g  the  cali¬ 
brated  bucket  into  the  discharge  stream  and  measuring  the  time  required  to 
fill  it.  The  pumping  rate  never  varied  by  more  than  6.5  percent  from  the 
optimum.  Electrical  output  of  the  generator  as  well  as  fuel  and  oil  levels 
of  the  diesel  engine  were  also  checked  hourly  and  maintained  to  safe 
operating  levels.  Water  levels  were  sampled  by  the  datalogger  at  the 
logarithmic  rate  discussed  earlier  and  verified  using  the  Solinst  water 
level  indicator.  Maximum  drawdown  ifi  TW-14  was  6.50  feet.  Pumping  was 
terminated  after  8  hours  and  recovery  was  then  monitored  by  the  datalogger 
until  at  least  90  percent  recovery  was  achieved.  Pumping  and  recovery  data 
were  printed  and  all  instruments  and  equipment  removed  from  the  wells. 


3.5  8-Hour  Constant  Rate  Aquifer  Test  of  Test  Well  TW-3 

A  step  drawdown  test  and%§u&sequent  8-hour  constant  rate  aquifer  test 
were  performed  on  t^strwe.11  TW-3  during  the  period  December  19-21,  1988. 
Depth  to  water  measurements  in  TW-3  and  its  monitoring  well,  MW-3,  were 
taken  five  consecutive  days  in  advance  of  the  aquifer  test.  Depth  to 
water,  as  measured  below  top  of  casing,  ranged  from  191.95  feet  to  192.71 
feet  for  TW-3  and  192.45  feet  to  192.71  feet  for  MW-3.  Pre-step  test  mea¬ 
surements  were  191.95  feet  and  192.71  feet  for  TW-3  and  MW-3,  respectively. 


A  10-stage  vertical  line  shaft  turbine  pump  was  placed  in  the  test 
well.  Pump  intake  depth  was  360  feet.  Available  drawdown  was  thus  168 
feet.  Total  depth  of  the  well  is  410  feet.  A  right-angle  top  drive  was 
coupled  to  the  pump  drive  shaft  and  8"  pump  column.  A  250  HP  diesel  engine 
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provided  power  to  the  top  drive.  An  8"  O.D.  x  10  FT  discharge  pipe  was 
connected  to  the  top  drive  and  positioned  so  that  water  pumped  from  the 
well  was  discharged  into  a  natural  gulley  that  emptied  into  the  dry  stream 
channel  of  Toano  Draw.  A  4"  orifice  plate  was  placed  at  the  end  of  the 
discharge  pipe  and  a  clear  vinyl  manometer  tube  was  mounted  24"  upstream  of 
the  orifice  plate  to  measure  pressure  head  within  the  discharge  pipe.  The 
clear  vinyl  manometer  tube  was  fixed  adjacent  to  a  scaley^l ibrated  to 
indicate  the  pump  rate  in  gallons  per  minute.  The  pump  rate  was  controlled 
by  increasing  or  decreasing  the  engine  speed  of  the  dr engine.  Water 
level  monitoring  instruments  were  placed  in  both  wells  to  the  appropriate 
depth  and  checked  for  proper  functioning.  A  SoTinst  water  level  indicator 
was  lowered  into  MW-3  for  verification  of  water  levels  recorded  by  the 
datalogger  during  the  test  period.  An  obstruction  in  TW-3  prevented  lower¬ 
ing  a  water  level  indicator  to  water  level.  The  datalogger  was  set  to 
sample  water  levels  at  the  logarithmic  rate  discussed /previously. 

When  it  was  confirmed  that  all  personnel',  equipment,  and  instruments 
were  prepared,  the  step  drawdown  test  was  started.  The  initial  pumping 
rate  of  100  GPM  was  maintained  for  1  hour\  *;Flow  rate  was  measured  using 
the  manometer  tube  and  calibrated  scale.  Maximum  drawdown  at  the  end  of 
the  first  step  in  TW-3  was  approximately  22  feet  and  10  feet  in  MW-3.  The 
pumping  rate  was  increased  to  200  GPM  for  the  2nd  hour  of  the  step  test. 
Maximum  drawdown  at  the  end  of  the)second  step  in  TW-3  and  MW-3  was  53  feet 
and  25  feet,  respectively.  Analysis  of  the  data  provided  by  the  two  steps 
predicted  that  the  well  could  produce  approximately  325  GPM  with  the 
available  drawdown.  For  the  3rd  and  final  hour  of  the  step  test,  the 
pumping  rate  was  increased  to  330  GPM.  After  several  minutes  at  this  rate, 
well  production  began  to  decrease.  The  pump  rate  was  reduced  to  300  GPM. 
Drawdown  continued  to  increase  and  the  pump  rate  could  not  be  maintained. 

At  the  end  of  the  test  drawdown  in  TW-3  was  124  feet  and  the  pump  rate  was 
280  GPM.  Drawdown  in  MW-3  was  56  feet.  The  well  was  left  overnight  to 
fully  recover  before  starting  the  8-hour  test.  Analysis  of  the  step  test 
data  indicated  that  an  optimum  pump  rate  for  the  8-hour  test  would  be 
approximately  250  GPM. 
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Depth  to  water  levels  immediately  prior  to  the  8-hour  test  were  192.48 
feet  and  193.36  feet  for  TW-3  and  MW-3,  respectively.  When  it  was  con¬ 
firmed  that  all  personnel,  equipment,  and  instruments  were  prepared,  the  8- 
hour  aquifer  test  was  started.  The  pumping  rate  of  220-225  GPM  was  main¬ 
tained  for  8  hours.  The  pumping  rate  was  measured  using  the  manometer  tube 
and  calibrated  scale.  When  the  measured  pump  rate  fell  below  220  GPM,  the 
engine  speed  of  the  drive  engine  was  increased.  The  pumping  rate  was  sub¬ 
ject  to  brief  (30  seconds  or  less)  fluctuations  of  up  when  this 

adjustment  occurred.  Water  levels  were  sampled  by  the  datalogger  at  the 
logarithmic  rate  discussed  earlier  and  verified  in  MW-3  using  the  Solinst 
water  level  indicator.  Maximum  drawdown  in  TW-3  was  88  feet  and  46  feet  in 
MW-3.  Pumping  was  terminated  after  8  hours  '  ancK^coVery  was  then  monitored 
by  the  datalogger  until  at  least  90  percent  recover.,  was  achieved. 

Pumping  and  recovery  data  were  printe  truments  and  equipment 

removed  from  the  wells. 


WELL  41-65-35ad 


4.0  LONG  TERM  CONSTANT  RATE  AQUIFER  TE 


A  13-day  constant  rate  aquifer  test  was  performed  on  an  unused  irriga¬ 


tion  well  during  the  period  February  16-March  1,  1989.  Depth  to  water 


measurements  in  the  monitoring  wells  41-65-35bd  and  40-65-2ab  was  taken  4 
consecutive  days  in  advance  of  the  aquifer  test.  Depth  to  water  as 
measured  below  top  of  casing  ranged  from  31.33  feet  to  31.39  feet  for  well 
4l-65-35bd  and  42.64  to  42.67  feet  for  well  40-65-2ab.  A  length  of  dis¬ 
charge  pipe  installed  on  the  pumping  well  41-65-35ad  prevented  measurement 
of  depth  to  water  previous' to  the  test  start.  However,  several  depth  to 
water  measurements  in  well  41-65-35ad  had  been  taken  during  the  2  months 
preceeding  the  test.  These  measurement  indicated  a  static  water  level  of 
approximately  47.60  feet.  Depth  to  water  measurements  for  MW-17  were  taken 
only  1  day  in  advance  of  the  test  because  the  well  was  still  being  drilled 
and  installed  until  that  time.  Depth  to  water  in  MW-17  was  49.86  feet 
immediately  prior  to  the  start  of  the  test.  Well  41-65-35ad  is  an 


90270BAPPF  CON-12 


existing,  certificated  irrigation  well.  The  long-term  test  utilized  the 
existing  installed  vertical  line-shaft  turbine  pump.  A  propane-powered 
six-cylinder  engine  was  used  to  power  the  pump.  A  2000-gallon  propane 
tank  supplied  fuel  to  the  engine.  The  well  was  pumped  for  several  hours 
approximately  1  month  prior  to  the  commencement  of  the  long-term  test  to 


determine  its  usefulness  to  such  a  test.  The  well  has  a  total  depth  of  650 
feet  and  is  screened  from  50  feet  to  650  feet  depth. 


A  10"  O.D.  x  30  FT  discharge  pipe  was  connected  to  tlie’’ . discharge  port 

on  the  top  drive  and  positioned  so  that  water  pumped  from  the  well  was 
discharged  into  a  natural  gulley  that  emptied  j/tp  the  dry  stream  channel 
of  Toano  Draw.  A  7"  orifice  plate  was  placed  at  the  end  of  the  discharge 
pipe  and  a  clear  vinyl  manometer  tube  was  mounted  24"  upstream  of  the 
orifice  plate  to  measure  pressure  head  within  the  discharge  pipe.  The 
clear  vinyl  manometer  tube  was  fixed  adjacent  to  a  scale  calibrated  to 
indicate  the  pump  rate  in  gallons  pet  The  pump  rate  was  controlled 

by  adjusting  a  governor  which  controlled  the  speed  of  the  drive  engine. 
Water  level  monitoring  instruments  were- placed  in  monitoring  wells  MW- 17 
and  41-65-35bd  to  the  appropriate  depth  apdVchecked  for  proper  function¬ 
ing.  Drawdown  data  was  monitored  ir  well  40-65-2ab  using  a  Solinst 
sounder.  The  datalogger  was  set  to  sample  water  levels  at  the  logarithmic 
rate  discussed  previously. 


When  it  was  confirmed  that  all  personnel,  equipment,  and  instruments 
were  prepared,  the  long-term  test  was  started  February  16,  1989.  A  pumping 
rate  of  900  GPM  was  maintained  for  approximately  13  days.  The  indicated 
flow  rate  never  varied  by  more  than  +-  2  percemt.  Flow  rate  and  engine 
function  were  monitored  and  adjusted  hourly,  throughout  the  duration  of  the 
test  .  Water  levels  in  MW-17  and  41-65-35bd  were  sampled  by  dataloggers. 
Water  levels  in  well  40-65-2ab  were  taken  using  the  solinst  sounder  2  or  3 
times  daily.  Pumping  was  terminated  March  1,  1989.  Maximum  drawdown  at 
the  end  of  the  test  in  MW-17  and  41-65-35bd  was  23.5  feet  and  2.3  feet, 
respectively.  Drawdown  in  well  40-65-2ab  was  0.9  feet.  The  construction 
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of  the  pumping  well  did  not  allow  for  monitoring  drawdown.  After  terminat¬ 
ing  the  test,  the  discharge  pipe  was  removed  from  the  pumping  well  as 
rapidly  as  possible  to  allow  access  for  instruments  to  monitor  recovery. 
Recovery  was  allowed  to  continue  for  approximately  5  days.  All  instruments 
were  then  removed  and  pumping  and  recovery  data  were  printed. 
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1.0 

INTRODUCTION 


The  objectives  of  this  Sampling  and  Analysis  Plan  are  to  designate  the 
groundwater  and  surface  water  locations  that  were  sampled  and  define  the 
methods  that  were  used  for  measuring,  sampling,  and  analyzing  water  in  the 
wells  and  springs  in  the  vicinity  of  the  proposed  Thousand  Springs  power 
plant.  This  plan  provides  for  background  characterization  of  the  water 
quality  of  the  region.  The  background  data  will  be  used  to  evaluate  the 
usefulness  of  the  water  to  the  plant  and  will  be  used  to  evaluate  the 
effect  of  groundwater  withdrawal  on  water  quality.  The  water  chemistry 
evaluation  is  also  used  to  define  area},  and  vertical  trends  in  groundwater 
quality  by  preparing  contour  maps  of  selected  dissolved  constituents  and  it 
will  be  used  to  provide  data  on  the  origin  and  sources  of  the  thermal 
waters  and  springs. 


The  following  procedures  were  implemented  for  all  groundwater  and 
surface  water  sampling  that  was  conducted  during  the  hydrogeologic 
investigations  at  the  site.  The  procedures  were  used  for  measurement  and 
sampling,  unless  approval  to  deviate  from  this  plan  was  obtained  from  the 
Project  Manager  or  the  Hydrogeology  Task  Leader. 


X, 
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2.0 

SAMPLING  PARAMETERS 


Water  samples  collected  from  groundwater  and  surface  water  locations 
were  analyzed  for  some  or  all  of  the  parameters  1  isted/tq  ruble  G-l.  Field 
measurements  were  made  for  parameters  that  change  rapidly  aftef\sample 
collection  and  which  cannot  be  preserved  for  laboratory  analysis.  These 
parameters  are  temperature,  pH,  specific  conductance,  and  alkalinity.  The 
temperature  was  measured  because  it  may  show  that  the  water  has  been 
influenced  by  geothermal  processes  and  the  temperature  must  be  known  to 
make  calculations  of  mineral  equilibria.  The  pH  of  the  water  affects  ion 
speciation  and  mineral  equilibria.  ^Specific  conductance  is  a  measure  of 
the  amount  of  dissolved  constituents  in  the  water  and  was  used  to  compare 
with  the  analysis  of  individual  elements  for  QA/QC  purposes.  The 
alkalinity  of  the  water  was  measured  to  determine  the  amount  of  carbonate 
and  bicarbonate  in  the  water.  In  shallow  groundwaters  these  constituents 
are  generally  the  dominant  anions. 

N. 

Major  cations  (Ca,  Mg,  Na,  and  K)  were  measured  in  order  to  aid  in 
classifying  the  various' water  types  sampled  and  for  making  mineral 
equilibria  calculations.  The  silicon  (Si)  content  of  the  water  is  an 
indicator  of  geothermal  activity  because  of  the  higher  solubility  of  silica 
(Si 02)  at  elevated  temperatures.  Silica  content  may  also  be  related  to 
residence  time  of  water  in  water-bearing  rock.  The  major  anions  (Cl,  SO4, 
NO3+NO2,  F)  were  also  analyzed  for  classification  purposes  and  mineral 
equilibria  calculations.  In  addition,  drinking  water  standards  exist  for 
these  anions. 
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The  trace/minor  inorganics  listed  in  Table  G-l  were  analyzed  because 
they  are  indicators  of  water  quality.  Additionally,  lithium  and  boron  have 
been  shown  to  be  useful  in  understanding  geothermal  systems.  The  stable 
isotopes  of  hydrogen  (H/D)  and  oxygen  (0/0)  were  analyzed  in  a  select 
number  of  wells  and  springs  because  these  isotopes  have  been  shown  to  be 
useful  in  determining  the  source  of  water  (meteoric  vs.  juvenile)  in 
geothermal  systems.  Tritium,  the  radioactive  isotope  ofyMV^rogen,  was  used 
to  determine  if  groundwater  in  the  springs  or  wells  is  relatively  young 
(less  than  50  years  since  it  equilibrated  with  the  atmosphere).  This  may 
demonstrate  the  rate  of  groundwater  recharge.  The  total  dissolved  solids 
level  of  the  water  was  measured  as  another  indicator  of  the  usefulness  of 
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3.0 

GROUNDWATER  SAMPLING 


Prior  to  operation  of  the  power  plant,  monitoring  wells  were  installed 
in  the  vicinity  of  the  proposed  plant  and  well  field  supplying  the  plant. 
The  water  levels  in  these  monitoring  wells  and  selected  existing  wells  were 
measured  to  determine  the  gradient  of  the  water  table  so  that  estimates  of 
groundwater  flow  direction  and  velocity  could  be  made.  Water  samples  were 
collected  and  analyzed  from  these  wells.  The  wells  that  were  sampled  are 
listed  in  this  section  and  the  procedures  for  conducting  water  level 
measurements,  purging  water  from  the  well,  and  sampling  the  water  are 
specified. 


3.1  MONITORING  WELL  LOCATIONS 


Depth  to  groundwater  measurements  were  made  and  samples  collected  from 


selected  newly-installed  wells  and  selected  existing  wells.  A  preliminary 
list  of  wells  that  were  monitored  and  their  approximate  locations  are  given 
in  Table  G-2.  The  locations  of  these  monitoring  wells  are  shown  in  Figure 


5-1. 


The  existing  wel Is' monitored  and  sampled  are  located  in  areas  not 
sampled  by  the  new  wells  and  in  areas  where  the  need  for  a  more  thorough 


understanding  of  groundwater  characteristics  was  identified.  The  data  from 
these  wells  will  provide  a  regional  characterization  of  the  water 
chemistry.  Well  completion  information  including  well  depth  and  screened 
interval  were  available  from  the  Nevada  State  Engineers  office.  One  well 
(41-64-25bb)  is  located  in  the  Thousand  Springs  Valley  near  the  Winecup 
Ranch  and  one  well  (41-67-22bc)  is  located  in  Twentyone  Mile  Draw.  One 


4 


90270- EVAL  CON-5 


well  (41-66-33ac)  is  located  in  Fivemile  Draw  and  the  remaining  wells  (40- 
65-10ca,  40-65-24bd ,  41-65-35ad)  are  located  in  Toano  Draw  near  the 
proposed  facility  location. 

3.2  MEASUREMENT  OF  STATIC  WATER  LEVELS 

Static  water  levels  were  measured  in  each  well  prior  to  any  other 
groundwater  sampling  activity.  Measurements  were  performed  for  all  wells 
in  as  short  a  time  interval  as  was  possible.  / /\ \ 

V  \ 

\  \ 

Water  level  measurements  were  performed  with  an  electrical  Water  level 
indicator  (sounder).  The  condition  of  the  sounder, Ancludi ng  battery 
charge,  physical  integrity,  and  probe  condition  were  checked  prior  to 
commencing  field  work. 

Pertinent  descriptive  information, including  time  of  measurement  and 
ambient  weather  conditions,  were  recorded  on  the  groundwater  sampling  form 
(Figure  G-l).  Measurements  of  groundwater  elevation  and  well  depth  were 
made  to  the  nearest  hundredth  of  an  inch.  The  water  level  in  feet  above 
mean  sea  level  was  calculated  by^subtracting  the  depth  to  water  from  the 
elevation  of  the  surveyed  or  estimated  reference  point  for  the  well. 
Elevations  for  wells  without  a  surveyed  reference  point  were  estimated  from 
7.5  minute  USGS  topographic  quadrangles.  Where  possible,  the  total  depth 
of  the  well  was  nj^tfreS^n^compared  with  the  depth  listed  on  the  boring 
log,  if  available. 

%  /  / 

3.3  PURGING  STANDING  WATER  FROM  WELLS 

The  chemistry  of  water  standing  in  a  well  is  not  representative  of 
aquifp  conditions  because  the  water  equilibrates  with  atmospheric  gases, 
may  leach  components  from  the  casing  material,  and  some  dissolved 
constituents  may  adsorb  onto  the  casing  and  be  removed  from  solution.  For 
this  reason  the  standing  water  was  removed  from  the  well  bore  in  order  to 
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induce  the  movement  of  fresh  groundwater  into  the  well  so  that  water 
representative  of  the  groundwater  could  be  collected  for  measurement  and 
analysis. 

Prior  to  commencing  purging,  the  well  was  inspected  for  physical 
integrity.  The  date  and  time,  weather  conditions  and  other  pertinent  data 
were  recorded  on  the  water  sampling  form. 


Purging  was  accomplished  using  existing  pumping  apparatus  or  by 
lowering  a  submersible  electric  pump  into  the  well.  In  some  cases  it  was 
necessary  to  remove  inoperable  existing  pump  equipment  to  al low-lowering  of 


the  sampling  pump.  The  interior  of  the  pump  and  discharge  line  were 
flushed  during  the  purging  operation  and  did  not  require  special  cleaning. 

During  purging,  discharge  rates  and  volumes  were  measured  by 
periodically  inserting  a  container  of  known  volume  into  the  discharge 
stream  and  recording  the  time  required  to  fill  it*  Where  this  method  was 
not  practical,  a  portable  flume  or  inline  flowmeter  was  used  to  determine 
pumping  rates.  Pumping  rate  and  volume  were  periodically  recorded  on  the 
water  sampling  form. 


At  least  three  casing  volumes  of  water  were  purged  from  each  well.  The 


total  volume  of  water  was  recorded  on  the  water  sampling  form.  Samples 
were  taken  from  the  pump  discharge  line  after  three  casing  volumes  had  been 
removed.  Several  wells  sampled  were  being  operated  for  stock  watering 


purposes.  Arrangements  were  made  with  the  ranch  pump  foreman  to  ensure 


several  days  of  continuous  pump  operation  so  that  samples  obtained  were 
representative  of  groundwater. 
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3.4  GROUNDWATER  SAMPLING 

3.4.1  Preparation 

A  preliminary  list  of  wells  that  were  sampled,  their  approximate 
location,  and  the  parameters  analyzed  for  each  well  are  given  in  Table 
G-2.  Bottle  types,  preservatives,  and  filtration  requirements  are  provided 
in  Table  G-3.  The  sample  bottles  were  labeled  with  the  well 
identification,  name  of  collector,  date  and  time  of  collection,  requested 
analyses,  and  any  preservati ves  added  to  the  water  sample.  Each  suite  of 
bottles  were  organized  and  labeled  prior  to  commencing  sampl ing. ^ Each 
cooler  in  which  sample  bottles  were  stored  was  cleaned  and  dried  prior  to 
sampling. 

3.4.2  Groundwater  Sampling  Procedures  \  \ 

Temperature,  pH,  and  specific  conductance  measurements  were  performed 
in  the  field  immediately  before  and  after  sample  collection  as  a  check  on 
the  stability  of  these  chemical  parameters  durincpsampl ing.  The  specific 
conductance  meter  and  pH  meter  were  calibrated  prior  to  each  days  work  in 
accordance  with  the  manufacturers  specifications.  A  plastic  container 
cleansed  with  non-phosphatic  laboratory  grade  detergent  and  thoroughly 
rinsed  first  with  deionized  water  and  then  with  water  collected  from  the 
well  was  used  to  collect  water  for  field  measurement  of  temperature,  pH, 
and  specific  conductance.,.  After  sampling  of  the  well  was  complete,  the 
plastic  container  was  rinsed  thoroughly  with  water  collected  from  the  well 
and  a  second  set  o^  temperature,  pH,  and  specific  conductance  field 
measurements  was  performed.  All  results  of  the  measurements  were  recorded 
on  the  water  sampling  form. 

The  order  of  filling  the  sample  bottles  is  given  in  Table  G-3.  At 
most,  four  sample  bottle.,  were  filled  at  a  well.  In  order  of  filling, 
these  bottles  are: 
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1)  500  ml  plastic  bottle  for  analysis  for  major  cations  and 

trace/minor  inorganics,  2)  1000  ml  plastic  bottle  for  analysis 
of  major  anions  and  total  dissolved  solids  (TDS),  3)  1000  ml 
glass  bottle  for  analysis  of  tritium,  and  4)  two  40  ml  glass 
bottles  for  analysis  of  the  stable  isotopes  of  hydrogen  (H/D) 
and  oxygen  (^0/^0).  The  first  two  sample  bottles  for  analysis 
of  major  cations  and  trace/minor  inorganics  andyiajor  anions  and 
TDS  were  collected  at  all  wells.  The  second  two  sample  bottles 
for  analysis  of  tritium  and  H/D  and  ^0/^D  were  collected  only 
at  selected  wells.  The  samples  that  will  be  collected  at  each 
well  are  given  in  Table  G-2. 

The  water  sample  collected  for  major  cations  and  trace/minor  inorganics 
analysis  was  filtered  in  the  field  prior  to  placement  in  the  sample  bottle 
in  order  to  provide  a  sample  for  analysis  of  dissolved  constituents  only. 
This  sample  was  filtered  with  a  positive  pressure  filter.  The  filter  pore 
size  was  0.45  micrometers.  Filters  were  changed  and  the  filtration 
apparatus  was  cleaned  before  use  at  each  well.  The  500  ml  sample  bottle 
into  which  this  sample  was  filtered  contained  concentrated  nitric  acid 
added  to  the  bottle  by  the  analytical  laboratory  supplying  the  bottles. 
Sufficient  acid  was  added  to  the  bottle  to  lower  the  pH  of  the  water  to 
less  than  2,  thereby  preserving  the  sample.  The  bottle  label  was  checked 
for  accuracy  and  the  bottle  was  placed  in  an  ice  chest  containing  ice  in 
sealed  (Ziploc  type)  plastic  bags. 

A  second  filtered  sampled  was  collected  for  field  determination  of 
alkalinity.  A  Hach  alkalinity  test  kit  and  a  pH  meter  were  used  to  make 
this  measurement.  The  procedure  is  as  follows: 

1)  Fill  in  header  informa  'on  on  a  titration  form  (Figure  G-2). 

2)  Rinse  the  titration  flask  and  volumetric  flask  with  deionized 
water.  Remove  droplets  of  water  by  vigorous  shaking. 
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3)  Measure  100  ml  of  fresh,  filtered  sample  in  the  volumetric  flask 
and  pour  it  into  the  titration  flask  with  as  little  agitation  as 
possible. 

4)  Rinse  and  pat  dry  the  pH  electrode  and  put  it  into  the  titration 
flask.  Record  the  pH  on  the  titration  form.  /*y 

/  £ 

5)  Record  the  titrant  lot  number  and  normal it the  titration 
form.  Eject  a  few  drops  of  titrant  from  the  tip  of  the  titrator 
and  wipe  the  tip  with  a  clean  tissue.  Reset  the  coiinter  to 
0000. 

6)  Titrate  the  solution  with  acid,  gently  stirring  the  solution  to 
ensure  mixing.  When  the  pH=4.5,  record  the  alkalinity  value  (in 
mg/1  CaCOj)  on  the  titration  form. 

7)  Rinse  all  glassware  with  distilled  water. 

8)  Repeat  the  procedure.^ 

9)  Calculate  the  relative  error  between  the  two  measurements  as: 


where 

XI  is  the  first  alkalinity  measurement  uC  pH  =  4.5 
X2  is  the  second  alkalinity  measurement  at  pH  =  4.5 
Xs  is  the  smaller  of  XI  and  X2 
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10)  If  the  relative  error  is  greater  than  10  percent,  repeat  the 
procedure  until  two  consecutive  measurements  are  within  10 
percent  relative  error. 

During  cold  weather  the  electronic  pH  meter  was  not  functioning 
properly.  Under  these  circumstances  it  was  necessary  to  obtain  alkalinity 
measurements  using  indicator  powder  pillows  provided  in  alkalinity  test 
kit.  The  procedure  is  as  follows: 

1)  Fill  in  header  information  on  titration  form  (Figure  G-2). 

2)  Rinse  the  titration  flask  and  volurnetricAlask  with  deionized 
water.  Remove  droplets  by  vigorous  shaking. 

3)  Measure  100  ml  of  fresh,  filtered  sample  in  the  volumetric  flask 
with  as  little  agitation  as  possible. 

4)  Add  the  contents  of  one  phenophthalein  indicator  pillow  and 
swirl  to  mix. 

5)  If  the  color  turns  pink,  titrate  with  acid  to  a  colorless  end 
point  and  read  and  record  the  concentration  of  total  alkalinity 
as  mg/L  CaCO^.  If  a  pink  color  does  not  develop,  add  the 
contents  of  one  bromcresol  green-methyl  red  indicator  pillow  to 
the  same  sample  and  swirl  to  mix. 

6)  Titrate  with  apld  until  a  light  pink  color  develops,  then  read 
and  record  the  concentration  of  total  alkalinity  as  mg/L  CaCC^. 

7)  Rinse  all  glassware  and  repeat  the  procedure. 

8)  Calculate  the  relative  error  between  the  two  measurement  as 
described  previously. 
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9)  If  the  relative  error  is  greater  than  10  percent,  repeat  the 
procedure  until  two  consecutive  measurements  are  within  10 
percent  relative  error. 

None  of  the  other  water  samples  were  required  to  be  field  filtered  or 
preserved  with  acid.  The  sample  for  major  anions  and  TDS  was  added 
directly  to  the  1000  ml  plastic  bottle  and  placed  in  the  ice  chest.  The 
glass  bottles  used  for  holding  the  water  samples  collected  for  tritium  and 
H/D  and  180/160  analyses  were  filled  directly  from  the  pump  discharge  line 
and  then  wrapped  in  bubblepack  or  other  protective  material  to  protect 
against  breakage.  The  glass  bottles  did  not  need  tck.be  chilled  with  ice, 
however  they  were  stored  in  an  ice  chest  or  other  sturdy  container  to 
prevent  breakage.  \  \ 
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4.0 

SURFACE  WATER  SAMPLING 


Selected  water  occurrences  (primarily  springs  and  seeps)  were  sampled 
and  analyzed  to  provide  background  water  quality  data  and  aid  in 
determining  the  source  of  the  surface  water.  The  surface  water  sites  that 
were  sampled  are  described  in  this  section  and  the  water  sampling 
procedures  are  specified. 


4.1  SURFACE  WATER  SAMPLING  LOCATIONS 


Samples  of  spring  and  seep  water  were  collected  at  several  locations  in 
the  vicinity  of  the  proposed  Thousand  Springs  power  plant.  Springs  in  the 
area  were  identified  by  accessing  the  BLM  computer  database  for  the  area, 
consulting  topographic  maps,  and  conducting  a  spring  survey  in  the  vicinity 
of  the  proposed  facility.  A  preliminary  list  of  springs  and  seeps  that 
were  sampled  and  their  approximate  locations  are  given  in  Table  G-4.  These 
springs  and  seeps  were  chosen  for  sampling  because  they  may  potentially  be 
affected  by  the  water  production  wells,  they  appear  on  topographic  maps  to 
be  accessible  by  four-wheel  drive  vehicle,  and  they  have  a  measured 
production  of  at  least  0.5  gallons  per  minute.  Secondary  criteria  used  for 
choosing  these  locations  include:  1)  a  distribution  of  sites  between 
uplands  and  lowlands,  2)  a  sampling  of  the  hot  springs,  and  3)  samples  from 
springs  emanating  from  bedrock  material  and  alluvium.  The  locations  of  the 
sampled  springs  and  seeps  are  shown  on  Figure  5-1  of  the  Water  Resources 
Evaluation. 
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4.2  SURFACE  WATER  SAMPLING 

4.2.1  Preparations 

Bottle  types,  preservatives,  and  special  handling  procedures  are 
provided  in  Table  G-3.  These  are  identical  to  the  methods  used  for  water 
samples  from  the  wells.  The  sample  bottles  were  labeled  with  the  spring 
identification,  name  of  collector,  date  and  time  of  collection,  requested 
analyses,  and  any  preservatives  added  to  the  water  sample!  Each  suite  of 
bottles  were  organized  and  labeled  prior  to  commencing  sampling.  Each 
cooler  in  which  sample  bottles  were  stored  was  cleaned  and  dried  prior  to 
sampling. 

On  first  arrival  at  a  spring  the  date  and  time  was  noted  on  the  surface 
water  sampling  form  (Figure  G-3).  The  physical  condition  of  the  water  and 
surroundings  was  also  noted  on  the  form.  This  information  included 
specifying  whether  the  location  is  a  spring  -oc  seep,  the  rock  type  from 
which  the  water  is  emanating,  local  topographic  setting  (gentle  hill,  steep 
cliff,  creek  bed,  bottom  land),  type  of  vegetation,  and  use  of  the  water  by 
humans  or  animals  (is  the  water  piped  to  a  tank  or  trough?).  A  photo  was 
taken  of  the  site.  The  discharge  rate  of  the  spring  was  measured  using  a 
calibrated  container  and -chronometer.  Where  discharge  from  the  spring  was 
too  great  to  measure  with  this  method,  an  estimate  was  made  of  the 
discharge  volume.  ATI  these  observations  and  measurements  were  recorded  on 
the  surface  water  sampling  form. 

4.2.2  Spring  Sampling  Procedures 

Water  was  collected  from  springs  to  make  field  measurements  and  provide 
samples  for  laboratory  analyses.  Where  possible  the  water  was  collected 
directly  in  the  container  used  to  make  the  measurement  or  hold  the 
sample.  If  the  flow  was  not  sufficient  to  allow  for  this,  then  the  sample 
was  collected  first  into  a  clean  container  that  was  rinsed  with  spring 
water  and  then  transferred  into  the  appropriate  sample  bottle. 
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The  field  measurement  procedures  and  sample  bottle  protocols  for  the 
spring  water  samples  are  very  similar  to  those  for  the  groundwater 
samples.  Temperature,  pH,  and  specific  conductance  measurements  were 
performed  in  the  field  immediately  before  and  after  sample  collection  as  a 
check  on  the  stability  of  these  chemical  parameters  during  sampling.  The 
specific  conductance  and  pH  meters  were  calibrated  prior  to  each  days  work 
according  to  the  manufacturers'  specifications.  A  plasti^Spontainer 
cleansed  with  non-phosphatic  laboratory  grade  detergent  arid  thoroughly 
rinsed  first  with  deionized  water  and  then  with  water  collected  from  the 
spring  was  used  to  collect  water  for  field  measurement  of  temperature,  pH, 
and  specific  conductance.  When  sampling  of  the  spring  was  complete,  the 
plastic  container  was  rinsed  thoroughly  with  wiater  osjlected  from  the 
spring  and  a  second  set  of  temperature,  pH,  and  specific  conductance  field 
measurements  was  performed.  All  of  the  results  of  the  measurements  were 
recorded  on  the  surface  water  sampling  form. 

The  order  of  filling  the  sample  bottTes  is  given  in  Table  6-3.  At 
most,  four  sample  bottles  were  filled  at  each  spring.  In  order  of  filling, 
these  bottles  are:  1)  500  ml  plastic  bottle  for  analysis  for  major  cations 
and  trace/minor  inorganics,'  2)  1000  ml  plastic  bottle  for  analysis  of 
major  anions  and  total  dissolved  solids  (TDS),  3)  1000  ml  glass  bottle  for 
analysis  of  tritium,  and  4)  two  40  ml  glass  bottles  for  analysis  of  the 
stable  isotopes  of  hydrogen  (H/D)  and  oxygen  (^0/^0).  The  first  two 
sample  bottles  for  analyses  of  major  cations  and  trace/minor  inorganics  and 
major  anions  and  TDS  were  collected  at  all  springs.  The  second  two  sample 
bottles  for  analysis  of  tritium  and  H/D  and  ^0/^0  were  collected  only  at 
selected  springs.  The  samples  that  were  collected  at  each  spring  are  given 
in  Table  G-4. 

The  water  sample  collected  for  major  cations  and  trace/minor  inorganics 
analysis  was  filtered  in  the  field  prior  to  placement  in  the  sample 
bottle.  This  sample  was  filtered  with  a  positive  pressure  filter.  The 
filter  pore  size  was  0.45  micrometers.  Filters  were  changed  and  filtration 
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apparatus  was  cleaned  prior  to  use  at  each  spring.  The  500  ml  sample 
bottle  into  which  this  sample  was  filtered  contained  concentrated  nitric 
acid  added  to  the  bottle  by  the  analytical  laboratory  supplying  the 
bottles.  Sufficient  acid  was  added  to  the  bottle  to  lower  the  pH  of  the 
water  to  less  than  2,  thereby  preserving  the  sample.  The  bottle  label  was 
checked  for  accuracy  and  the  bottle  was  placed  in  an  ice  chest  containing 
ice  in  sealed  (Ziploc  type)  plastic  bags. 

A  second  filtered  sampled  was  collected  for  field  jdltfriMnation  of 
alkalinity.  A  Hach  alkalinity  test  kit  and  a  pH  meter  were  used  to  make 
this  measurement.  The  procedure  for  measuring  alkalinity  is  given  above  in 
Section  3.4.2. 

None  of  the  other  water  samples  were  required  to  be  field  filtered  or 
preserved  with  acid.  The  sample  for  major  anions  and  TDS  was  added 
directly  to  the  1000  ml  plastic  bottle  and  placed  in  the  ice  chest.  Where 
possible,  the  glass  bottles  used  for  holding  the  water  samples  collected 
for  tritium  and  H/D  and  180/160  analysed  were  filled  directly  from  the 
point  of  discharge  of  the  spring,-  otherwise  the  water  was  collected  in  a 
clean  plastic  container  and  transferred  to  the  sample  bottle.  The  bottles 
were  then  wrapped  in  bubble  pack  or  other  protective  material  to  protect 
against  breakage.  The  glass'1 bottles  did  not  need  to  be  chilled  with  ice, 
however  they  were  stored  in  an  ice  chest  or  other  sturdy  container  to 


prevent  breakag 
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5.0 

SAMPLE  HANDLING  AND  CHAIN-OF-CUSTODY  PROCEDURES 


5.1  SAMPLE  HANDLING  PROCEDURES 


After  sampling  was  completed  at  a  well  or  spring,  the  bottle  labels 
were  checked  for  completeness  and  bottle  caps  t/itotened.  Each  glass  bottle 
was  rolled  in  bubblepack  or  other  protective  material.  All  bottles  were 
placed  upright  in  shipping  containers.  Padding  was  added  used  to  ensure 
snugness  of  fit. 


For  shipment  to  the  analyzing  laboratory  of  samples  that  must  be 
cooled,  approximately  ten  pounds  of  ice  was  placed  in  each  cooler.  The  ice 
was  contained  in  sealed  plastic  bags  so  , that  free  water  was  not  allowed  in 
the  container.  All  shipping  containers  were  sealed  with  strapping  tape. 

The  containers  were  kept  in  a  secure  location  until  shipment  to  the 
laboratories.  (  \  //"v  7 


Samples  were  shipped  before  the  most  critical  holding  time  of  seven 
days  for  total  dissoTvetf  ,$ol ids  (TDS)  analysis  was  exceeded.  Sample 
distribution  was  as, follows: 


X. 


1)  Bottles  for  analysis  of  major  cations  and  trace/minor  inorganics 
(500  ml  plastic  bottle)  and  major  anions  and  TDS  (1000  ml 
plastic  bottle)  were  sent  to: 
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California  Analytical  Laboratory 
2544  Industrial  Blvd. 

West  Sacramento,  California  95691 
(916)  372-1393 


2)  Bottles  for  analysis  of  tritium  (1000  ml  glass  bottle)  were  sent 
to: 


Dr.  Gote  Ostlund 

Rosenstiel  School  of  Marine  and  Atmospheric  Sci 
Tritium  Laboratory 
4600  Rickenbacker  Causeway 
Miami,  Florida  33149-1098 
(305)  361-4100 

3)  Bottles  for  analysis  of  H/D  and  180/160  (2  x  40  ml  glass)  were 
sent  to: 


\  \  / 
\  \f 


Dr.  Austin  Long 

Laboratory  of  Isotope  Geochemistry 
University  of  Arizona 
Tucson,  Arizona  85721 
(602)  621-6014 

The  laboratory  was  contacted  upon  shipment  of  the  samples  and  informed 
of  the  date  and  method  of /shipment,  number  of  coolers,  and  any  additional 
instructions.  \  / 


5.2  CHAIN-0F-CUST0DY  PROCEDURES 


Samples  were  accompanied  by  a  Chain-of-Custody  Record  (Figure  G-4). 
When  transferring  the  possession  of  samples,  the  individuals  relinquishing 
and  receiving  signed  and  noted  the  date  and  time  on  the  record.  This 
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record  documents  transfer  of  custody  of  samples  from  the  sampler  to  the 
laboratory. 

Tne  Chain-of-Custody  includes  a  Sample  Analysis  Request  Section.  This 
section  identifies  the  parameters  that  are  to  be  analyzed,  the  sample 
containers  that  were  used  for  the  respective  analyses,  and  the  preservation 
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6.0 

LABORATORY  PROCEDURES 


6.1  SAMPLE  BOTTLE  PREPARATION 


Sample  bottles  and  coolers  were  supplied  by  the  analyzing 
laboratories.  Bottles  were  new  or  properly  cleaned  by  the  laboratory  prior 
to  shipment  to  the  site.  Preservatives  were  added  by  the  laboratory  as 
appropriate,  and  the  bottles  tightly  capped  to  prevent  leakage  during 
shipment  and  storage  prior  to  filling.  v  \ 

6.2  SAMPLE  RECEPTION  AND  ANALYSIS 

Upon  arrival  at  the  analytical  laboratory,  a  sample  custodian  accepted 
custody  of  the  shipped  samples.  The  custodian  inspected  the  sample 
containers  for  leakage,  breakage,  or  other  damage,  and  verified  that  the 
sample  identification  numbers  on  the  bottle  labels  match  those  on  the 
Chain-of-Custody  Record.  The  record  was  signed  and  dated,  and  a  copy 
returned  with  the  report  pf  analytical  results. 


The  samples  were  given  laboratory  identification  numbers  and  entered  in 
the  laboratory  log  book.  AIT  subsequent  handling  of  the  samples  was  noted 
in  the  log  book.  Samples  that  required  storage  at  low  temperature  were 
refrigerated.  Holding  times  and  analytical  methods  are  provided  in  Table 
G-5. 


The  sample  custodian  distributed  the  samples  to  the  appropriate 
analysts.  Laboratory  personnel  are  responsible  for  the  care  and  custody  of 
samples  from  the  time  they  were  received  until  the  sample  was  depleted,  no 
longer  suitable  for  analysis,  or  otherwise  directed  by  the  Project  Manager. 
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7.0 

QUALITY  ASSURANCE/QUALITY  CONTROL  (QA/QC) 


7.1  QA/QC  PROCEDURES  FOR  FIELD  WORK 


All  instruments,  including  water  level  sounders  md 

specific  conductance  meters  were  inspected  for  phys  <  and 


calibrated  according  to  manufacturers  specifications  prior  to  each  days 
field  activities.  All  instruments  were  cleaned  with  non-phosphatic 
laboratory  grade  detergent  and  rinsed  with  deionized  water  prior  to  use  at 
each  sampling  location.  All  fragile  instruments  were/stored  in  a  padded 
protective  plastic  case  during  periods  of  non-use  and  transport  between 
sampling  locations.  Care  was  taken  notN^o  expose' any  temperature  sensitive 
instruments  to  extreme  heat  or  cold.  All  instruments  were  stored  in  a  dry, 


7.2  QA/QC  SAMPLES 


QA/QC  samples  were  periodically  prepared  and  submitted  for  analysis 


with  the  water  samplesT'NJhese  samples  consisted  of  sampling  blanks  and 
field  duplicates.  NH1  QA/QC  samples  were  given  fictitious  sample 
designations  and  handled  and  transported  in  the  same  manner  as  the 
groundwater  and  spring  water  samples.  Both  the  correct  and  fictitious 
sample  designations  were  recorded  on  the  water  sampling  form.  The  QA/QC 
samples  consisted  of  the  following: 

•  Sampling  blanks  were  used  to  assess  potential  contamination  from 
the  sampling  method  at  the  sampling  site.  One  sampling  blank  was 
prepared  in  the  field  for  every  10  field  samples  using 
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distilled/deionized  water.  The  blanks  were  produced  using  the 
exact  same  procedures  used  for  collecting  the  groundwater  and 
spring  water  samples.  Each  sampling  blank  was  analyzed  for  the 
complete  set  of  parameters  listed  in  Table  G-l,  except  that  only 
one  tritium  sampling  blank  was  produced  and  analyzed  because  of 
the  expense  of  the  analysis. 

•  Field  duplicates  are  water  samples  collected  from  the  same  well  or 
spring  at  the  same  time.  The  analytical  data  From  these  samples 
are  used  to  evaluate  the  precision  of  the  sampling  method.  One 
duplicate  sample  was  collected  for  every^lO  samples  and  submitted 
for  analysis.  Each  duplicate  was  analyzed  for  the  complete  set  of 
parameters  listed  in  Table  G-l,  except  that  only  one  tritium 
duplicate  was  produced  and  analyzed  because  of  the  expense  of  the 
analysis. 

Laboratory  QC  documentation  was  obtained  from  the  laboratory  and 
reviewed  for  completeness.  In  addition  the  following  QA  checks  were 
performed: 

$  £#****%.  \  V* 

•  Dates  of  sample  analysis  were  compared  with  sample  collection  date 
to  ensure  that  the  samples  were  analyzed  within  the  holding  time 
specified  in  Table  G-5.  y 

•  The  respective  sets  of  values  from  the  duplicate  samples  were 

F  f 

compared  for  agreement.  Results  from  sampling  blanks  were 
reviewed. 

•  Charge  balances  were  calculated  by  the  laboratory  using  the  major 
cations  and  a  ions.  The  balance  should  be  less  than  10  percent. 

Discrepancies  evident  from  the  above  QA/QC  procedures  were  further 
investigated.  Field  notes  and  laboratory  QA/QC  documents  were  checked  for 
accuracy. 
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jle  G-l.  SAMPLING  PARAMETERS  AND  RATIONALE 


Parameters 


Rationale 


Field  Measurements 

Temperature 

pH 

Specific  Conductance 
Alkalinity 

Major  Cations 

Calcium  (Ca) 

Magnesium  (Mg) 

Sodium  (Na) 

fassium  (K) 

Silicon  (Si) 

Trace/Minor  Inorganics 

Iron  (Fe) 

Manganese  (Mn) 

Copper  (Cu) 

Zinc  (Zn) 

Arsenic  (As) 

Barium  (Ba) 

Cadmium  (Cd) 

Chromium  (Cr) 

Selenium  (Se) 


Indicator  of  thermal  waters.  Used  in  calculations  of 
mineral  equilibria. 

General  water  quality  indicator.  Master  variable 
affecting  speciation. 


#  & 

Field  indicator  of  water  quality.  QA/QC . 

Measure  of  carbonate  cont&fit  of  water.  Necessary  for 
ion  speciation  and  mineral  equi 1 ibrja  calculations. 


Major  dissolved  element.  Necessary  for  calculations. 

Major  dissolved  element.  Necessary  for  calculations. 

Major  dissolved  element.N  Necessary  for  calculations. 
Used  for  geothermometry. 

Major  dissolved  element.  Necessary  for  calculations. 
Used  for  geothermometry . 

Major'dissolved  element.  Necessary  for  calculations. 
Indicator  of  geothermal  activity. 


General 


General 

General 

General 

General 


indicator 

indicator 

indicator 

indicator 

indicator 

indicator 

indicator 

indicator 

indicator 


of  water 
of  water 
of  water 
of  water 
of  water 
of  water 
of  water 
of  water 
of  water 


qual ity 
qual ity 
quality 
qual ity 
quality 
quality 
quality 
qual ity 
qual ity 
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le  G-l.  SAMPLING  PARAMETERS  AND  RATIONALE  (concluded) 


Parameters 

Rationale 

Antimony  (Sb) 

General  indicator  of  water  quality. 

Lead  (Pb) 

General  indicator  of  water  quality. 

Mercury  (Hg) 

General  indicator  of  water  quality. 

Silver  (Ag) 

General  indicator  of  water  quality. 

Lithium  (Li) 

Indicator  of  geothermal  activity. 

Boron  (B) 

Indicator  of  geothermal  activity. 

Major  Anions 

Chloride  (Cl) 

Major  dissolved  element.  Necessary  for  calculations. 

Sulfate  (SO4) 

Major  dissolved  element.  Necessary  for  calculations. 

Nitrate  +  Nitrite  (NO3  +  NO2) 

Major  dissolved  element.  Necessary  for  calculations. 

Fluoride  (F) 

1 

Major  dissolved  element.  Necessary  for  calculations. 
Water  quality  indicato/. 

Others 

Total  Dissolved  Solids  (TDS) 

Indicator  of  usefulness  of  water  to  power  plant.  Can  be 
used  for  QA/QC. 

Tritium  (^H) 

Age  dating  of  water. 

Hydrogen/Deuterium  (H/D) 

Used  to  classify  origin  of  water. 

180/160 

Used  to  classify  origin  of  water. 
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Table  G-2.  IDENTIFICATION  OF  WELLS  TO  BE  SAMPLED  AND  SAMPLING  PARAMETERS 


Well 

Identification 

Location 

Parameters3 

New  Wells 

MW-1 

42-65-35dd 

F.1,2 

MW-2 

40-65-23cb 

F,l,2 

TW-3 

39-66-5bc 

//  F, 1,2, 3, 4 

MW-4 

41-65-2 lbb 

/  F,l,2 

TW-12 

41-66-31dc 

V  F,l,2 

TW-14 

39-66-24ab 

V  \F,1,2 

TW-15 

39-66-9bc 

F ,1,2 ,3,4 

Existing  Wells 

Unnamed  Well 

40-65-10ca  / 

F , 1 ,2 , 3 , 4 

Toano  Well  #1 

40-65-24bd 

F, 1,2  3,4 

3,4r 

Unnamed  Well 

41— 64-25bb 

Unnamed  Well 

41-65-35ad 

F , 1 ,2 , 3 , 4 

Fivemile  Draw  Wei  1 

41-66-33ac 

F, 1,2, 3, 4 

Rocky  Butte  Well 

41-67-22bc 

F,  1,2, 3, 4 

a  Sampling  Parameters:  F)  field  parameters:  temperature,  pH,  specific 
conductance,  alkalinity;  1)  major  cations  (Ca,  Mg,  Na,  K,  Si)  and 
trace/minor  inorganics  (Fe,  Mn,  Cu,  Zn,  As,  Ba,  Cd,  Cr,  Se,  Sb,  Pb,  Hg, 
Li,  B,  Ag);  2)  major  anions  (Cl,  S04,  N03+N02,  F)  and  TDS;  3)  tritium; 
4)  stable  isotopes:  H/D  and  18q/16q 

b  Sampled  only  for  3)tritium  and  4)stable  isotopes:  H/D  and  180/160 

because  analytical  results' .for  trace/minor  inorganics  and  major  cations 
are  available  from  a  previous  report  by  Guyton  (1982). 
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>le  G-3.  SAMPLE  BOTTLE  ORDER  OF  FILLING,  BOTTLE  TYPE,  PRESERVATIVES  AND  FILTRATION 
REQUIREMENTS  FOR  GROUNDWATER  AND  SURFACE  WATER 


Order  of 
Filling 

Parameters  Bottle  Type 

Volume 

Preservation 

Filtration 

1 

Major  Cations, 
Trace/Minor  Inorganics 

Plastic 

500  ml 

HN03  to 
pH<2,  Cool 

0.45  micrometer 
pore  size 

2 

Major  Anions/TDS 

Plastic 

1000  ml 

/>01 

None 

3 

Tritium 

Glass 

1000  ml 

/  ‘XNone 

/A\ 

None 

4 

H/D,  180/160 

Glass 

40  ml  (2) 

NqneS, 

X  \ 

>  x/ 

None 

\ 
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Table  G-4.  IDENTIFICATION  OF  SPRINGS/SEEPS  SAMPLED  AND  SAMPLING  PARAMETERS 


Spring 

Number 


Location 


Name 


Sampling  Parameter0 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 


38- 65- 

39- 64- 

40- 64- 
40-63- 
40-63- 

40- 65- 

41- 64- 

41- 64- 

42- 65- 
44-69- 
42-69- 
40-69- 
39-68- 
39-67- 
39-67- 


lOab 

14ab 

21dc 

21ac 

18bb 

6ac 

25ac 

26cd 

6ca 

30ac 

8ac 

8bc 

8bb 

lOac 

15bb 


Pequop 
Tripon  Pass 


Near  Montello  Spring 
North  /  *** 
Lewis 


F,  1 ,2 
F,  1 ,2 


F.1,2 
F, 1,2, 3,4 
F.1,2 


Sampling  Parameters:  F)  field  parameters:  temperature,  pH,  specific 
conductance,  alkalinity;  1)  major  cations  (Ca,  Mg,  Na,  K,  Si)  and 
trace/minor  inorganics  (Fe,  Mn,  Cu,  Zn,  As,  Ba,  Cd,  Cr,  Se,  Sb9  Pb,  Hg, 
Ag,  Li,  B);  2)  major  anions  (Cl,  SO^,  NO^+NO^,  F)  and  TDS;  3)  tritium; 
4)  stable  isotopes:  H/D  and  18q/16q 
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Table  G-5.  ANALYTICAL  METHODS  AND  SAMPLE  HOLDING  TIMES 


Parameters 

Analytical  Method^ 

Holding  Time^ 

Field  Measurements 
Temperature 

EPA  170.1  (3) 

(4) 

pH 

EPA  9040 

(4) 

Specific  Conductance 

EPA  9050 

(4) 

Alkal inity 

EPA  310.1  (3) 

(4) 

Major  Cations 

Ca 

EPA  3005 

6  months 

Mg 

Na 

EPA  3005 

EPA  3005 

A  6  months 

6  months 

6  months 
x  ®  months 

K 

EPA  3005 

Si 

EPA  3005 

Trace/Minor  Inorganics 

Fe 

Mn 

Cu 

Zn 

As 

Ba 

Cd 

Cr 

Se 

Sb 

Pb 

Hg 

Ag 

Li 

B 

Major  Anions 

Cl 

S04 

NO0+NO0 

F 

Others 

TDS 

Tritium 

H/D 

18q/16o 


EPA  3005 
EPA  3005 
EPA  3005 
EPA  3005 
EPA  3005 
EPA  3005 
EPA  3005 
EPA  3005 
EPA  3005 
EPA  3005 
EPA  3005 
EPA  245.2  (3) 
EPA  3005 \ 


6  months 
6  months 
6  months 
6  months 
6  months 
6  months 
6  months 
6  months 
6  months 
6  months 
28  days 
6  months 
6  months 
6  months 

28  days 
28  days 
28  days 
28  days 

7  days 

Not  established 
Not  established 
Not  established 


(1)  All  methods  are  taken  from  EPA  Manual  SW-846,  Third  Edition  (1986) 
unless  otherwise  noted. 

(2)  Samples  will  be  analyzed  as  soon  as  possible  after  collection.  The 
times  listed  are  the  maximum  that  samples  may  be  held  before  analysis 
and  still  be  considered  valid. 

(3)  Methods  for  Chemical  Analysis  of  Water  and  Wastes,  EPA-600/4-79-020 
(1983) 

(4)  Analyze  immediately. 

(5)  Standard  Methods  for  the  Examination  of  Water  and  Wastewater,  16th 
Edition,  1985. 

(6)  Low-level  gas  proportional  counting. 

(7)  Mass  Spectrometry 
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APPENDIX  H 

LABORATORY  GEOCHEMICAL,  HATER  QUALITY,  AND 
SOIL  SAMPLING  DATA  REPORTS 


Table  5-1  Sierra  Pacific  S 


nd  Well  Water  Analyses 


i 

2 

3 

4 

5 

6 

7 

8 

9 

1  0 

Pequop 

Tripon  Pass 

Brush  Creek 

Ledqe  Sprinq 

Unnamed 

Indian  Sprinq 

Hot  Sprinq 

Unnamed 

Black  Rock 

Emiqrant 

Sprinq 

Sprinq 

Sprinq 

Sprinq 

Sprinq 

Sprinq 

Sprinq 

38-65-10 

39-64-1 4 

40-6421 

40-63-21 

40-63-18 

40-65-6 

41-64-25 

41  -64-26 

42-65-6 

44-69-30 

Location  Svmbol  on  Fiqure  5-1 

SI 

S2 

S3 

S4 

S5 

S6 

S7 

S8 

S9 

S10 

FIELD  PARAMETERS 

pH 

.31 

6.76 

7.59 

6.73 

7.38 

7.21 

6.41 

7.59 

7.39 

7  66 

Temperature  (deqrees  C) 

14,5 

9 

1  8 

1  6 

1  4 

13.1 

60.9 

9.3 

1  1  .9 

1  5 

Specific  Conductance(umhos/cm) 

390 

1  750 

320 

40 

308 

280 

1650 

340 

430 

290 

Alkalinity  as  CaC03(mq/L) 

206 

460 

184 

23.6 

278(202) 

130 

43  1 

213 

240 

135 

MAJOR  CATIONS  (mq/L) 

- ^ 

k. 

Calcium 

65 

334 

\.,4  9 

7.5 

50 

30 

70 

68 

88(88) 

4  1 

Maqnesium 

1  3 

'  241  . 

^20 

0.8 

20 

1  6 

1  6 

1  8 

23(24) 

9.6 

Sodium 

26 

✓'3  3/ 

\7.2 

1.9 

6.9 

23 

1  04 

20 

5. 3(5. 3) 

1  9 

Potassium 

6 

<5.0 

<5.0 

<5.0 

<5.0 

<5.0 

34 

<5.0 

<5.0(<5.0) 

6 

MAJOR  ANIONS  (mq/L) 

- 

— : f - - - 

Chloride 

20 

120 

f  7 

4 

6 

24 

2  1 

1  3 

10(10) 

1  0 

1  2 

K4 

.,/2  3 

/  Jtx.  ' 

V  30 

25 

46 

3  1 

57(57) 

35 

Nitrite  as  N 

<0.01 

<0  01 

<0  01 

<0.1 

<0.01 

<0  01 

<0.01 

<0.01 

<0.01  (<0.01 ) 

<0.01 

Nitrate  as  N 

0.7 

<0.05 

0.1  5 

0.53 

<0.05 

0.36 

<0.05 

0.09 

0.63(0.61 ) 

<0.05 

Fluoride 

0.3 

0.8 

0.1  4 

<0.1 

0  4 

0.4 

1 .8 

0.2 

0.2(0.21 

0.7 

TRACE/MINOR  INORGANICS  (mq/L) 

1  1 

Antimony 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05(<0.05) 

<0.05 

Arsenic 

<0.1 

<0.1 

<0.1 

<0  1 

<0,1  '  ,,i 

#<0.1 

<0.1 

<0.1 

<0.1  (<0.1 ) 

<0.1 

Barium 

0.035 

0.01 

0.18 

0  087 

0.1 1 ,  * 

/  0.094 

0.3 

0.13 

0.045(0.041 ) 

0.092 

Boron 

0.07 

0.1 

0.03 

<0.02 

0.06 

0.05 

0.49 

0.06 

<0.02(<0.02) 

0.05 

Cadmium 

<0.005 

<0.005 

<0.005 

<0.005  ; 

<0.005 

?  <0.005 

<0.005 

<0.005 

<0.005(<0.005) 

<0.005 

Chromium 

<0.01 

<0.01 

<0.01 

<0.01 

<0  01 

<0.01 

<0.01 

<0.01 

<0.01  (<0.01 ) 

<0.01 

Copper 

<0.006 

<0.006 

<0.006 

<0.006 

<0.006 

<0.006 

<0  006 

<0.006 

<0.006(<0.006) 

<0.006 

Iron 

<0.05 

4.7 

<0.05 

<0.05 

0.45 

<0  05 

<0.05 

<0.05 

<0.05(<0.05) 

<0.05 

Lead 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

,  <0.05  . 

<0.05 

<0.05(<0.05) 

<0.05 

Lithium 

<0.02 

<0.02 

<0.02 

<0.02 

<0.02 

0.0  2 

0.54 

<0.02 

<0.02(<0.02) 

0.05 

Manganese 

<0.005 

1 

<0.005 

<0.005 

0.15 

<0.005 

0  079 

<0  005 

<0.005(<0.005) 

<0.005 

Mercury 

<0.0002 

<0.0002 

<0.0002 

<0.0002 

<0.002 

<0,0002 

<0.0002 

<0.0002 

<0.0002(<0.0002) 

<0.0002 

Selenium 

<0.2 

<0  2 

<0.2 

<0.2 

N.D. 

<0.2 

<0.2 

<0.2 

<0.2(<0.2) 

<0.2 

Silicon  (Si) 

1  4 

8.6 

6.3 

4.4 

5.7 

8.6 

3  1 

5. 2(5. 2) 

9 

Silica  (Si02) 

30 

1  8 

1  3 

9.4 

1  2 

1  8 

66 

/26/  \ 

/ VI- 

1  9 

Silver 

<0.005 

<0.0057 

<0.005 

0.005 

<0.005 

<0  005 

<0.0073 

/<0g05 

<0.005(<0.005) 

<0.005 

Zinc 

0.06 

4.7 

0.01 

0.18 

<0.01 

<0.01 

<0.01 

/  <6.01 

0.13(0.13) 

<0.01 

TOTAL  DISSOLVED  SOLIDS  (mq/L) 

344 

2140 

1  03 

8 

173 

1  93 

515 

V/  280 

361(352) 

1110 

ION  BALANCE  (%) 

5.6 

18.1 

2.6 

2  1 

2.1 

0,64 

0.5 

3.6 

2.7(2.7) 

1  .6 

STABLE  ISOTOPES 

Delta-D  (0/00) 

ND 

ND 

ND 

ND 

-  1  29 

ND 

-137 

- 1  27 

ND 

ND 

Delta  0-18  (0/00) 

ND 

ND 

ND 

ND 

-17.3(-17.4)LD 

ND 

-17.8 

-16.9(-17.0)LD 

ND 

ND 

TRITIUM  (tritium  units) 

ND 

ND 

ND 

ND 

0.03 

ND 

1 .36 

1  .81 

ND 

ND 

- 

_  _ 

Table  5-1  Sierra  Pacific 


»nd  Well  Water  Analyses 


1  1 

1  2 

1  3 

1  4 

1  5 

1  6 

1  7 

1  8 

1  9 

20 

2  1 

Crittenden 

Gamble  Sprinq 

Near  Montello 

North  Sprinq 

Lewis  Sprinq 

MW- 1 

M  W-2# 

TW-3 

MW-4 

TW-12 

TW-1  4 

Sprinq 

Sprinq 

42-69-8 

40-69- 

8 

39-68-8 

39-67-10 

39-67-1  5 

42-65-35 

40-65-23 

39-66-5 

41-65-21 

41-66-31 

39-66-24 

Location  Symbol  on  Fiqure  5-1 

S11 

SI  2 

SI  3 

S 1  4 

S 1  5 

MW-1 

M  W-2 

TW-3 

MW-4 

TW-12 

TW- 1  4 

FIELD  PARAMETERS 

pH 

7.84 

7.87 

7.69 

7.5 

7.52 

8.77 

ND 

7.44 

8.1 

7.22 

meter  down 

Temperature  (deqrees  C) 

1  6 

2  1 

9.7 

10.5 

11.8 

215 

ND 

14.5 

ND 

1  7 

22 

Specific  Conductance(umhos/cm) 

330 

365 

350 

350 

580 

390 

ND 

21  5 

NO 

235 

240 

Alkalinity  as  CaC03(mq/L) 

160 

171 

21  1 

300 

215 

206 

1  58 

130 

214 

1  29 

1  20 

MAJOR  CATIONS  (mq/L) 

Calcium 

5  0  / 

49 

65 

70 

78 

25 

42 

34 

34 

30 

30 

Maqnesium 

— 

19 

2  1 

1  8 

36 

8.5 

1  0 

5.7 

1  6 

1  1 

9.7 

Sodium 

- 13  /  > 

9  4 

1  7 

1  4 

46 

83 

53 

1  8 

59 

1  7 

1  5 

Potassium 

<5  0 

<5.0 

<5.0 

<5.0 

<  5 

7 

<5.0 

8 

1  8 

5 

7 

MAJOR  ANIONS  (mq/L) 

Chloride 

1  6  V 

1  2 

1  9 

20 

20 

8 

64 

3 

1  7 

7 

1  2 

Sulfate 

2  8  V 

32 

40 

1  9 

34 

36 

65 

1  7 

46 

1  7 

1  9 

Nitrite  as  N 

<0.01 

<0.01 

<0.01 

\  <0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

0.76 

<0.01 

Nitrate  as  N 

0.64 

0.21 

0  41 

0.88 

0.43 

<0.05 

0  37 

0.41 

<0.05 

<0  05 

0.81 

Fluoride 

0.3 

0.2 

0.2 

0.2 

0.4 

2.2 

0.4 

0.4 

ND 

0.4 

0.4 

TRACE/MINOR  INORGANICS  (mq/L) 

Antimony 

<0.05 

<0  05 

<0.05 

<0  05 

<0.05 

<0.05 

<0.05 

<0.05 

ND 

<0.05 

<0.05 

Arsenic 

<0.1 

<0.1 

£  <o.i 

<0.t  V 

1  <0.1 

<0.1 

<0.1 

<0.1 

ND 

<0.1 

<0.1 

Barium 

0.089 

0.11 

0.075 

o  i  ixy 

r  0.045 

0.027 

0.049 

0.039 

ND 

0  092 

0.073 

Boron 

0.04 

0.06 

0.04 

0.04 

0.14 

0.25 

0.18 

0.06 

ND 

0.07 

0.06 

Cadmium 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

ND 

<0.005 

<0.005 

Chromium 

<0.01 

<0  01 

<0.01 

<0,01 

<0.01 

<0.01 

<0.01 

<0.01 

ND 

<0.01 

<0.01 

Copper 

<0.006 

<0.006 

<0.006 

<0.006 

<0.006 

<©.006 

<0.006 

<0.006 

ND 

<0.006 

<0.006 

Iron 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

0.1 

0.12 

<0.05 

0.08 

Lead 

<0.05 

<0.05 

<0.05 

<0.05  / 

<0.05  \ 

<0.05  ' 

<0.05 

<0.05 

ND 

<0.05 

<0.05 

Lithium 

<0.02 

<0.02 

<0.02 

<0.02 

0.03 

0.03 

0.03 

<0.02 

ND 

<0.02 

<0.02 

Manqanese 

<0.005 

<0.005 

<0.005 

<0.005 

<0,005 

.  &0.005 

0-014 

0.01 

0.01 

0.016 

0.01 

Mercury 

<0.0002 

<0.0002 

<0.0002 

<0  0002 

<0  0002 

<0.0002 

<0.0002 

<0.0002 

ND 

<0.0002 

<0.0002 

Selenium 

<0.2 

<0.2 

<0.2 

<0  2 

<0.2 

<0.002 

o:oo4 

<0.2 

ND 

<0.2 

<0.2 

Silicon  (Si) 

1  1 

7.1 

6.2 

6.6 

9.7 

30 

As 

38,. 

35.5 

28 

35 

1  Silica  (Si02) 

24 

1  5 

1  3 

1  4 

2  1 

64 

./  39  % 

W?  8  1 - 

76 

56 

75 

Silver 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

<0.005 

./  <0.005 

<0.005 

NO 

<0.005 

<0.005 

Zinc 

<0.01 

<0.01 

0.01 

0.08 

0.13 

<0.01  ., 

<0.01 

<0.01 

ND 

0.09 

0.11 

TOTAL  DISSOLVED  SOLIDS  (mq/L) 

228 

224 

304 

285 

327 

376  X,J 

421 

240 

ND 

1  87 

229 

ION  BALANCE  (%) 

0.6 

1  .8 

0.87 

1  2 

3.8 

1  .3 

ND 

STABLE  ISOTOPES 

Delta-D  (0/00) 

-128.0(-129.5)LD 

- 1  30.5 

ND 

-1  27(-1  25)FD 

ND 

ND 

ND 

-1  38.0 

ND 

ND 

ND 

Delta  0-18  (0/00) 

-17.6 

-17.5 

ND 

-16.7(-16.9)FD 

ND 

ND 

ND 

-18.4 

ND 

ND 

ND 

TRITIUM  (tritium  units) 

0.10 

-0.01 

ND 

12.6(18.6)FD 

ND 

ND 

ND 

0.06 

ND 

ND 

ND 

_ 

_ 

1 

Table  5-1  Sierra  Pacilic  S 


nd  Well  Water  Analyses 


22 

23 

24 

25 

26.0 

27 

28 

TW-15 

Toano  Well  #1 

Unnamed  Well 

Rocky  Butte 

Unnamed  Well 

Fivemile  Draw 

Unnamed  Well 

Well 

Well 

28 

39-669 

40-65-24 

40-65-10 

41-67-22 

4  1-64-25 

41  -66-33 

4  1  -65-35 

Location  Symbol  on  Fiqure  5-1 

TW-15 

24bd 

lOca 

22bc 

25bb 

33ac 

35ad 

FIELD  PARAMETERS 

pH 

7.7 

7.5 

8.55 

8.25 

ND 

7.54 

ND 

Temperature  (deqrees  C) 

N.D 

1  0 

16.5 

20.5 

ND 

12.5 

ND 

Soecilic  Conductance(umhos/cm) 

N.D. 

280 

330 

320 

ND 

880 

ND 

Alkalinity  as  CaC03(mq/L) 

124 

108 

165 

121 

ND 

227 

132.0 

MAJOR  CATIONS  (mq/L) 

Calcium 

32 

5  1 

34 

35 

ND 

1  28 

44 

Maqnesium 

1  0 

/8.8/X. 

\  6.7 

7 

ND 

61 

6.5 

Sodium 

1  5 

/  22 

L  \  54 

25 

ND 

53 

33 

Potassium 

6 

5 

1  1  9 

1  3 

ND 

1  3 

1  0 

MAJOR  ANIONS  (mq/L) 

Chloride 

7 

24 

9 

1  2 

ND 

2  1 

1  1 

Sulfate 

2  1 

47 

50 

29 

ND 

344 

44 

Nitrite  as  N 

<0.01 

<0.01 

<0.01 

<0  01 

ND 

<0.01 

<0,01 

Nitrate  as  N 

1.1 

1 .6 

0  43 

1  .5 

ND 

3.4 

0.52 

Fluoride 

0.3 

0.3 

0  6 

0.4 

ND 

0.5 

0.4 

TRACE/MINOR  INORGANICS  (mq/L) 

Antimony 

<0.05 

<0.05 

<0.05 

<0.05 

ND 

<0.05 

<0.05 

Arsenic 

<0.1 

<0.1 

<0.1 

<0.1 

ND 

<0.1 

<0.1 

Barium 

0.12 

0.061 

0  055 

0.071 

ND 

0.04 

0.079 

Boron 

0.06 

0.06 

0.12 

0.1 

ND 

0.14 

0.10 

Cadmium 

<0.005 

<0.005 

<0.005 

<0.005 

ND 

<0.005 

<0.005 

Chromium 

<0.01 

<0.01 

<0.01 

<0  01 

ND 

<0.01 

<0.01 

Copper 

<0.006 

<0.006 

<0.007 

<0.006 

ND 

<0  007 

<0.006 

<0.05 

<0.05 

0.13 

<0  05 

ND 

<0.05 

V  <0.05 

Lead 

<0.05 

<0.05 

<0.05 

<0.05 

NO 

<0.05 

,/  <0.05 

Lithium 

<0.02 

<0.02 

0.04 

0.02 

ND 

0.11 

0.03 

Manqanese 

<0.005 

<0.005 

0.009 

0.005 

ND 

<0.005 

<0  oos 

Mercury 

<0.0002 

<0.0002 

<0.0002 

<0.0002 

ND 

<0.0002 

<0.0002 

Selenium 

<0.2 

<0.2 

<0.2 

<0.2 

ND 

<0.2 

<0.2  > 

Silicon  (Si) 

28 

27 

38 

33 

ND 

30 

3  9  / 

Silica  (Si02) 

60 

58 

81 

71 

ND 

64 

8  3  J 

Silver 

<0.005 

<0.005 

<0.005 

<0.005 

ND 

<0.005 

<0.005 

Zinc 

0.12 

<0.01 

0.01 

0.21 

ND 

0.11 

<0.01 

TOTAL  DISSOLVED  SOLIDS  (mq/L) 

203 

310 

330 

260 

ND 

920 

330 

ION  BALANCE  (%) 

4.2 

2.4 

4.7 

- 

6.1 

- 

STABLE  ISOTOPES 

6.1 

Delta-D  (0/00) 

-136.0 

-132.0 

-137.0 

-128.0 

-133.0 

- 1  22.0 

-137.0 

Delta  0-18  (0/00) 

-18.6 

-17.2 

-17.9 

-16.3  (-16.4  LD) 

-17.7 

-15.7 

- 1  8.0 

TRITIUM  (tritium  units) 

0.15 

0.60 

-0.08 

0.00 

0.00 

1  .25 

-0.07 

FD=Field  Duplicate,  LD=Lab  Duplicate 

(  )  Values  in  paranlheses  are  field  or  lab  duplicate  analyses 

#Sample  not  chilled  or  preserved,  holdinq  times  exceeded  for  TDS 

ND=No  Data  J  1 
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February  7,  1989 


Mr.  Kelly  Teague 
Woodward-Clyde  Consultants 
Oakland  City  Center 
500  12th  Street,  Suite  100 
Oakland,  CA  94607-4014 


Subject:  Petrographic  Study  (X-ray  Diffrac  Y-qp  and 

Thin  Section  Petrography  Analyses) 

File:  189015  /A  \ 


Dear  Mr.  Teague: 

This  report  presents  the  final  results  of  a  Petrographic  Study 
performed  on  five  (5)  unconsolidated  samples  .  The  Petrographic 
Study  includes  analyses  by  X-ray  Diffraction  (XRD)  and  Thin  Section 
Petrography  of  Samples  No. 23  (208-218  feet).  No. 26  (238-248  feet), 
No. 29  (268-278  feet),  No. 32  (298-308  feet),  and  No. 35  (328-338 
feet) . 

It  has  been  a  pleasure  performing  this  study  for  Woodward-Clyde 
Consultants.  Should  you  have  any  questions  about  these  analyses, 
or  if  we  can  be  of  further  assistance,  please  do  not  hesitate  to 
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SUMMARY 


The  Reservoir  Geology  Group  of  Core  Laboratories  in  Irving,  Texas, 
received  five  (5)  unconsolidated  sediment  samples  on  January  13, 
1989,  from  Woodward-Clyde  Consultants.  The  designated  sample 
numbers  are  the  following:  No. 23  (208-218  feet  depth).  No. 26  (238- 
248  feet  depth),  No. 29  (268-278  feet  depth),  No. 32  (298-308  feet 
depth),  and  No. 35  (328-338  feet  depth).  The  purpose  of  this  report 
is  to  supply  petrologic  data  about  the  samples  to  Sierra  Pacific 
Resources,  a  client  of  Woodward-Clyde  Consultants.  X-ray 
Diffraction  analyses  of  the  bulk  and  clay  fractions  and  Thin 
Section  Petrography  analyses  were  performed  on  each  of  the  five 
samples.  The  objectives  of  this  study  were  to  characterize  the 
lithology  and  textures  of  the  samples,  with  particular  attention 
to  the  abundance  and  distribution  of  carbohey^e  minerals,  pyrite, 
and  porosity. 

Analyses  reveal  that  the  samples  are  poorly  consolidated  tuffs  of 
volcanic  origin.  Primary  constituents  of  rock  fragments,  crystals, 
and  glass  shards,  are  set  in  a  groundmass  of  clay  and  devitrified 
glass.  A  general  description  of  each  sample  is  provided  in  Table 
1.  Rock  fragments  in  these  samples  are  mostly  volcanics,  chert, 
sandstone,  and  argillite,  with  lesser  amounts  of  micrite  clasts  and 
undifferentiated  rock  fragments.  Crystals  include  plagioclase, 
quartz,  muscovite,  hornblende,  and  pyroxene.  The  average  size  of 
these  constituents  is  less  than  2  millimeters  (ash-size) ,  although 
fragments  up  to  8.58  millimeters  long  (lapilli-size)  were  measured. 
The  constituents  are  randomly  oriented  within  the  groundmass  of  the 
sample . 

Trace  abundances  of  calcite  cement  (Sample  No. 26)  and  pyrite 
(Samples  No.  26,  29,  32,  and  35)  were  observed  in  the  thin  section. 
Most  of  the  pyrite  in  these  samples  has  been  replaced  by  iron- 
oxides.  Iron-oxide  minerals  observed  in  these  samples  are  limonite, 
goethite,  and  magnetite. 

X-ray  Diffraction  analyses  reveal  that  variable  amounts  of  calcite 
(3.4  to  10.9  weight  percent)  and  pyrite  (0.4  to  1.7  percent),  as 
well  as  heulandite  (0.4  to  2.2  percent)  are  present  (Table  2). 
Thin  section  analyses  suggest  that  most  of  the  calcite  detected  by 
XRD  analyses  is  4n  the  form  of  micrite.  The  range  of  weight 
percentages  of  the  minerals  reported  by  XRD  is  interpreted  to  be 
due  in  part  to  sample  heterogeneity. 

Porosity  observed  in  these  samples  is  mostly  comprised  of 
microporosity  and  porosity  within  the  groundmass.  Porosity  appears 
to  have  been  enhanced  by  disaggregation  of  the  poorly  con'-^'lidated 
samples.  Minor  to  trace  amounts  of  intragranular  porosity  is 
present,  mostly  in  the  form  of  isolated  moldic  pores  within  rock 
fragments,  and  less  commonly  as  fractures  through  grains. 
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ANALYTICAL  PROCEDURES 


A  Petrographic  Study  allows  for  characterization  of  reservoir  rock 
texture,  mineralogy,  and  porosity.  Information  about  the 
relationships  among  rock  textures,  detrital  grains,  cement  and 
matrix  composition,  and  porosity  characteristics  are  determined 
from  thin  section  analyses.  XRD  analysis  provides  mineral 
compositions  and  abundances. 

The  sample  fraction  selected  for  XRD  analysis  is  first  cleaned  of 
hydrocarbon  residue,  weighed,  and  disaggregated  using  standard 
techniques.  The  sample  is  then  centrifugally  size-fractionated  (in 
water)  into  a  clay-size  fraction  (less  than  4  microns)  and  a 
sand/silt-size  fraction.  The  clay  fraction  is  suspended  in  water 
and  deposited  on  a  porous  silver  substrate.  Each  clay  fraction  is 
analyzed  dry  (RH=50%)  and  then  after  treatment  with  ethylene  glycol. 
The  sand/silt-size  fraction  is  made  into  a  pellet  using  standard 
powder  techniques.  The  prepared  samples  are  ruh,/on  a  Philips 
APD3600  X-ray  diffractometer  at  a  slow  rate  (1  degree/minute)  with 
kv  =  1 ,  ma  =  35,  scintillator  kv  =  0.8,  and  a  time  constant  of  1. 

Compositions  and  species  of  the  clay  minerals  are  determined 
according  to  procedures  outlined  by  Weaver  (1956) ,  Jonas  and  Brown 
(1959) ,  Reynolds  (1980) ,  and  Srodon  (1980,  1984) .  The  weight 
percents  of  the  rock-forming  minerals  in  both  size  fractions  and 
the  relative  abundances  of  the  clay  minerals  are  determined  by  a 
standardless,  peak-area-ratio  model.  The  detectability  limit  is  1- 
2  weight  percent.  \ \  /  /s/ 

The  sample  fractions  are  prepared  for  Thin  Section  Analysis  by  first 
impregnating  the  sample  with  epoxy  to  augment  sample  cohesion  and 
to  prevent  loss  of  material  during  grinding.  A  blue  dye  is  added  to 
the  epoxy  to  highlight  the  pore  spaces.  Each  sample  is  mounted  on 
a  frosted  glass  slide  and  then  cut  and  ground  in  water  to  an 
approximate  thickness  of  30  microns.  Samples  containing  known  water- 
soluble  phases  are  prepared  using  odorless  kerosene.  Prepared  thin 
sections  are  subsequently  stained  for  calcite  (Alizarin  Red-S 
stain) ,  iron-bearing  carbonates  (potassium  ferricyanide  stain) ,  and 
potassium  feldspar  (sodium  cobaltinitrate  stain)  as  necessary.  The 
thin  sections  are  analyzed  using  standard  petrographic  techniques. 
The  terminology  in  this  report  is  that  of  Folk  (1980)  and  Best 
(1982).  N.  %/  / 


2 


REFERENCES 


Best,  M.G.,  1982,  Igneous  and  Metamorphic  Petrology:  W.H.  Freeman 
and  Company,  San  Fransico,  CA,  p.  69-95. 

Folk,  R.L.,  1980,  Petrology  of  Sedimentary  Rocks:  Hemphill 

Publishing  Company,  Austin,  Texas,  p.  184. 

Goddard,  E.N.,  P.D.  Trask,  R.K.  DeFord,  O.N.  Rove,  J.T.  Singewald, 
and  R..M.  Overbeck,  1980,  Rock  Color  Chart:  Geological  Society  of 

America,  Boulder,  Colorado.  ^ 

/  % 

Jenkins.  R.  ,  Y.  Hahm,  and  S.  Pearlman,  1979,  The  APD3600,  a  new 
dimension  in  qualitative  and  quantitative  x-ray  powder 
dif fractometry :  Norelco  Reporter  26. 

Jonas,  E.C.  and  T.E.  Brown,  1959,  Analysis  of  interlayer  mixtures 
of  three  clay  mineral  types  by  X-ray /diffraction:  Journal  of 

Sedimentary  Petrology,  Volume  20,  p.  77-86, 

Reynolds,  R.C.  Jr.,  1980,  Interstratif ied  clay  minerals,  in  G.W. 
Brindley  and  G.  Brown,  eds . ,  Crystal  structures  of  clay  minerals 
and  their  X-ray  identification:  Mineral .Society  of  London,  p.  249- 

303  . 

Schreiner,  W.N.  and  R.  Jenkins,  1983,  Profile  fitting  for 
quantitative  analysis  in  x-ray  powder  diffraction:  Advances  in  X- 
Ray  Analysis  26p. 

Srodon,  J.,  1980,  Precise  identification  of  illite/smectite 

interstratifications  by  X-ray  powder  diffraction:  Clay  and  Clay 

Minerals,  Volume  28,  n/  401-411. 

Srodon,  J.,  1984,  X-ray  powder  diffraction  identification  of  illitic 
materials:  Clays  and  Clay  Minerals,  Volume  32,  p.  337- 
34  9. 

Weaver,  C.E.,  195  6  >  The  distribution  of  mixed-layer  clays  in 

sedimentary  rotks:  American  Mineralogist,  Volume  41,  p.  202-221. 


3 


Woodward- Clyde  Consultants 
Unconsolidated  sediment  samples 


TABLE  1 


FILE:  189015 


Sample  Number: 

Sample  Depth  (Feet): 


Rock  Type 
Rock  Name 

Primary  Constituents: 
(In  order  of  estimated 
abundance) 


Alteration  Minerals: 
(In  order  of  estimated 
abundance) 

Grain  Size 

Minimum: 

Maximum: 

Average: 

Orientation: 

Cement/Matrix: 

Texture: 

Porosity  Types: 

Comments: 


29 

268-278 


THIN  SECTION  ANALYSES:  GENERAL  DESCRIPTION 


23 

208-218 


26 

238-248 


Volcaniclastic 
Lithic  lapilli  tuff 


Volcaniclastic 
Lapilli  ash  tuff 


Rock  fragments  (volcanics,  chert, 
sandstone,  argillite,  undifferentiated. 


Rock  fragments  (chert,  argillite, 
sandstone,  volcanic,  undifferentiated), 

plagioclase,  quartz,  glass  shards,  micrite),  plagioclase,  quartz,  glass 

pyroxene,  potassium  feldspar  shards,  muscovite,  hornblende 


Undifferentiated  clay 
devitrified  glass 


V/  I 

,  iron-oSHdes, 


V 


Undifferentiated  clay,  devitrified  glass, 
iron-oxides,  pyrite 


8. 0-1 1.0mm  (lapilli) 

Random  orientation  of  grains  in  matrix 
Undifferentiated  clay,  devitrified  glass 
Hypocrystal line 

Fractures,  moldic  pores,  microporosity  in 
groundmass 

Most  of  this  thin  section  consists  of 
rock  fragments;  pyrite  has  been  altered 
to  iron-oxides 


Random  orientation  of  grains  in  matrix 


Undifferentiated  clay,  devitrified  glass 


Trace  of  pyrite  (most  is  altered  to 
iron-oxides);  minor  detrital  clasts  of 
silty  micrite  are  present 


Volcaniclastic 
Lapi l l i  ash  tuff 

Rock  fragments  (volcanics,  chert, 
sandstone,  argillite,  undifferentiated, 
micrite),  glass  shards,  plagioclase, 
quartz,  pyroxene,  hornblende 

Undifferentiated  clay,  devitrified  glass, 
iron-oxides,  Cristobal i te,  pyrite 


0.02mn  (ash) 

8.58mm  (lapilli) 

0.71irm  (ash) 

Sancfbm  orientation  of  grains  in  matrix 
Und i f f efent i ated  clay,  devitrified  glass 


Minor  silty  micrite  clasts;  trace  of  pyrite 


Hypocrystal line  Hypocrystall ine 

Sr 

Microporosity  and  porosity  in  groundmass.  Microporosity  and  porosity  in  groundless, 
fractures  (caused  by  sample  disaggregation)  trace  of  intragranular  pores 
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Unconsolidated  sediment  samples 


TABLE  1 

THIN  SECTION  ANALYSES:  GENERAL  DESCRIPTION 


FILE: 


Sample  Number: 

Sample  Depth  (Feet): 


32 

298-308 


35 

328-338 


Rock  Type 
Rock  Name 

Primary  Constituents: 
(In  order  of  estimated 
abundance) 


Alteration  Minerals: 
(In  order  of  estimated 
abundance) 


Volcaniclastic 
Lapilli  ash  tuff 


- 


Volcaniclastic 
Lapilli  ash  tuff 


Rock  fragments  (vol can ics,  cherit,  micrite.  Rock  fragments  (volcanics,  chert,  argillite, 
sandstone,  argillite,  undifferentiated),  sandstone,  undifferentiated), 

glass  shards,  ptagioclase,  quart?,  glass  shards,  plagioclase,  quartz, 

pyroxene,  hornblende  pyroxene 

" . 

Devitrified  glass,  undifferentiated  clay.  Undifferentiated  clay,  devitrified  glass. 


iron- ox  ides,  cristobal i te,  pyrite 


iron-oxides,  minor  crystalline  carbonate 
cement ;  trace  of  pyr i te 


Grain  Size 

Minimum: 

Maximum: 

Average: 

Orientation: 

Cement/Matrix: 

Texture: 
Porosity  Types: 

Comments: 


0.03mm  (ash) 

2.03mm  (lapilli) 

0.29mm  (ash) 

Random  orientation  of  grains  in  matrix 
Undifferentiated  clay,  devitrified  glass 
Hypocrystal l ine 

Microporosity  and  porosity  in  groundmass 


Amygdaloidal  volcanic  rock  fragments; 
silicified  biopackstones;  minor  silty 
micrite  clasts;  trace  of  pyrite 


Localized  microporosity  in  groundless,  trace 
of  intragranular  microporosity 

Fractures  and  most  pores  in  matrix  appear 
to  be  caused  by  sample  disaggregation; 
minor  silty  micrite  clasts 


189015 
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Depth  (Feet) 


QUARTZ 

PLAGIOCLASE 

ALKALI  FELDSPAR 

CALCITE 

HEULANDITE 

PYRITE 

CLAY  MINERALS 


ILLITE 

SMECTITE 


Table  2 


QUANTITATIVE  X-RAY  DIFFRACTION  ANALYSES 


208-18  yV\  238-48  268-78  298-308  328-338 


f  II 

CALCULATED  WI IOLE  -  ROCK  CCMPOS  I T I  ON 


62.5 

53.4  s 

44.9 

47.4 

63.2 

18.6 

/  22.3 

21  .2 

27.0 

17.9 

0.0 

/  0.0 

1.7 

0.0 

0.0 

3.4 

\,  1 0  |9Y 

8.2 

4.6 

4 . 1 

1.8 

22/ 

/S, .  4 

3.5 

4.3 

0.5 

0.5 

4  f.7 

0.7 

0.4 

13.2 

10.6 

/  20  •  9 

16.9 

10.2 

100.0 

100.0 

100.0 

100.0 

100.0 

::::::: 

/  /  /\  ' 
J  /  <  x 

\ 

v/ 

RELATIVE  CLAY  ABUNDANCE 

(Normal ized  to 

ioo) 

58.0 

43.6 

44.1  ^ 

554  \ 

66.8 

42.0 

56.4 

55.9 

TA> 

33.2 

100.0 

100.0 

100.0 

100/0 

X  X 

100.0 

THIN  SECTION  PHOTOMICROGRAPHS 


31X:  Horizontal  width  of  the  photomicrograph  (127mm) 

4 . 097mm. \  / 

125X:  Horizontal  width  of  the  photomicrograph  (127mm) 

1.016mm. 


function  of 

represents 

represents 
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SAMPLE  NO .  23 
DEPTH:  208-218  Feet 

PLATE  1A 

The  thin  section  of  Sample  No. 23  is  composed  mostly  of  pebble-sized 
rock  fragments.  This  view  depicts  one  of  the  pebbles,  a  poorly 
sorted,  medium-grained  sandstone  which  is  tightly  cemented  by 
quartz.  Framework  grains  in  this  pebble,  which  is  classified  as  a 
litharenite,  include  quartz  (E4.5,  J3.5),  chert  (H-J6.5),  sandstone 
(Gl)  ,  argillite  (H9)  ,  and  plagioclase  (H4-4.5).  Other  pebbles  in 
this  thin  section  include  chert,  chert  afenite,  and  claystone  (may 
have  originally  been  an  igneous  rock  fragment) .  Porosity  within  the 
pebbles  in  Sample  No.  2  3  consists  of  minor  aprSunts  of  isolated  moldic 
pores.  ( 3 IX ,  crossed  polarizers) 


This  highly  magnified  view  depicts  a  well-sorted,  fine-grained, 
chert  arenite  pebble'N,  Framework  grains  are  mostly  monocrystalline 
quartz  (A10,  E13.5)  and  chert  (H14,  Dl,  A7.5).  This  pebble  is 
tightly  cemented  by  abundant  chert  (K7,  G5  to  E10)  and  authigenic 
quartz  overgrowths  (A9-9.5).  Several  elongate  undifferentiated 
particles,  such  as  the  one  in  the  center  of  this  view  (F3-J5  to  Cll- 
D13)  are  present  in  this  pebble.  These  undifferentiated  particles 
may  represent  fossil  fragments.  (125X,  crossed  polarizers) 
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SAMPLE  NO .  26 
DEPTH:  238-248  Feet 

PLATE  2 A 

This  photomicrograph  illustrates  three  rock  fragments  (centered  at 
B3 ,  D14 ,  and  H5)  in  a  groundmass  of  undifferentiated  clay  and 

devitrified  glass.  The  rock  fragment  at  B3  is  of  volcanic  origin, 
and  contains  crystals  in  a  glassy  groundmass.  The  rock  fragments 
at  D14  and  H5  are  sandstones.  Porosity  in  .Sample  No. 26  consists 
mostly  of  micropores  (H0-0.5)  and  pores  (K3.5,  K12)  within  the 

groundmass.  Porosity  in  the  groundmass  may  have  been  enhanced  by 
sample  disaggregation  during  sample  handling.  Fractures  within 
grains,  although  interpreted  to  be  natural1  in  origin,  are  rare. 
( 3 IX ,  plane-polarized  light) 

\\ 


Plate  2B 

This  high  magnification  photomicrograph  taken  under  crossed 
polarized  light  highlights  glass  shards  (C-G5,  C-D7) ,  pyroxene  (E- 
F6.5),  monocrystalline  quartz  (A-B3.5-4),  and  chert  (B7.5)  in  a 
groundmass  of  undifferentiated  clay.  (125X,  crossed  polarizers) 
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SAMPLE  NO.  29 


DEPTH:  268-278  Feet 


PLATE  3 A 


This  view  of  a  lapilli  ash  tuff  shows  rock  frepments  (H8-14,  Jl, 
A7),  subhedral  crystals  (plagioclase ;  C3),  and  glass  shards  (C- 
D13.5)  in  a  groundmass  comprised  mostly  of  undifferentiated  clay. 
Minor  amounts  of  micrite  clasts  (A3,  A4.5)  ar^aiso  present.  Much 
of  the  porosity  within  the  groundmass  of  this  sample  (blue  epoxy; 
F-G15.5,  Dll)  may  be  an  artifact  of  sample  \disaggregation . 
Intragranular  pores  re  present  in  trace 
amounts  (H13.5).  (3:  I 


Microporosity  within  a -clay-rich  matrix  is  depicted  by  this  highly 


magnified  view  of  the  sample  (D4.5,  J-K4-6) .  Glass  shards  in  the 
sample,  such  as  the'  one  located  at  G3 ,  are  easily  identified  by 
their  distinctive  shape  and  their  isometric  optical  character. 
(125X,  plane-  Diarized  light) 
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SAMPLE  NO.  32 


DEPTH:  298-308  Feet 
PLATE  4 A 

This  photomicrograph  provides  a  general  overview  of  the  sample, 
illustrating  the  large  range  in  sizes  of  the  constituents  within 
the  groundmass.  Most  of  the  constituents,  which  include  rock 
fragments,  crystals,  and  glass  shards,  are  ash-size  (less  than  2 
millimeters;  A12),  and  less  commonly,  lapilli-size  (between  2  and 
64  millimeters;  CO-9).  (31X,  plane-polarized  light) 


Plate  4B 

A  volcanic  rock  fragment  within  Sample  No. 32  is  depicted  in  this 
view.  This  rock  fragment  consists  of  crystals  (F12)  and  glass 
shards  (BIO. 5)  set  in  a  groundmass  of  partially  devitrified  glass. 
(125X,  plane-polarized  light) 
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SAMPLE  NO.  35 


DEPTH:  328-338  Feet 
PLATE  5A 

This  photomicrograph  displays  a  general  overview  of  a  volcaniclastic 
sample,  a  lapilli  ash  tuff.  Silicate  minerals  comprise  most  of  the 
rock  fragments  and  crystals  in  this  sample.  Rock  fragments  in  this 
view  include  chert  (F7),  volcanic  rock  fragments  (A7 -8)  ,  argillite 
clasts  (F14,  G4.5),  and  plagioclase  (B9).  An  open  fracture  is 
located  at  Kl-3 .  (31X,  plane-polarized  light) 
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February  22,  1989 


Woodward-Clyde  Consultants 
Oakland  City  Center 
500  12th  Street,  Suite  100 
Oakland,  CA  94607-4014 


Attention:  John  Thackston/Kelly  Teague 


Subject:  Porosity  Measurements 
Hole  #WCPW  No.  1 
File  Number:  SCAL-89027 


Gentlemen : 


% 


v,  V 


Five  unconsolidated  sediment  samples  from  the  subject  site  were 
supplied  by  the  Dallas  Petrological  Services  Lab  for  effective 
porosity  at  overburden  determinations.  These  measurements  were 
performed  in  conjunction  with  a  Petrographic  study  (PETR  189015) 
previously  reported  on  February  7,  1989.  Final  results  are 
enclosed . 

The  submitted  material  first  was  dried  in  a  vacuum  oven  at  220 'F 
for  a  period  of  72  hours,  then  the  grain  density  of  a 
representative  portion  of  each  sample  was  determined  using  a 
calibrated  matrix  cup.<f  This  information  was  used  to  calculate 
the  in-situ  net  stress  (overburden)  for  each  sample  assuming  the 
mean  depth,  40  percent  porosity,  a  water  table  at  190  feet,  and  a 
water  density  Of  1.0  g/cc.  Next,  a  known  volume  of  each  sediment 
sample  was  placed  'inside  a  rubber  sleeve  located  within  a 
pressure  vessel,  and  the  calculated  triaxial  stress  applied. 
Lastly,  helium  was  injected  into  each  sample  and  the  pore  volume 
determined  directly  by  gas  expansion  (Boyle's  Law).  Bulk  volumes 
of  the  samples  were  obtained  by  adding  the  corresponding  grain 
volumes  and  pore  volumes.  Porosities  were  determined  from  the 
measured  pore  volumes  and  calculated  bulk  volumes. 


Test  results  are  presented  on  the  following  page.  Since  the 
reconstituted  samples  are  likely  to  have  a  higher  porosity  than 
the  undisturbed  in-situ  samples,  a  second  measurement  was  made  at 
an  arbitrarily  chosen  higher  overburden  pressure  (500  psi)  . 
These  additional  measurements  were  performed  at  no  charge. 


1300  East  Roche  e  Bouieva’d  !rv;ng  Texas  75062-3963  PC  Box  152053  Irving,  Texas  75015-2053.  (214)  54  i-2673.  (8001  248-COPE 


Woodward-Clyde  Consultants 
File  Number:  SCAL-89027 


Page  Two 


Thank  you  for  this  opportunity  to  be  of  service.  Please  contact 
us  if  you  have  any  questions  about  the  enclosed  data  or  if  we 
may  be  of  any  additional  service. 


Very  truly  yours, 

Jl/jC  - 

Michael  W.  Dann,  Laboratory  Supervisor 
Enhanced  Oil  Recovery 
Dallas  Core  Services 

MWD: BES : ed 


Enclosure 


This  report,  based  on  observations  and  materials  supplied  by  the 


client,  is  prepared  for 


the  client. 


The  analyses,  opinions,  of** 


contained  herein  represent  the  judgment  of  Core  Laboratories; 
however,  Core  Laboratories  and  its  employees  assume  no 
responsibility  and  make  no  warranties  or  representations  as  to 
the  utility  of  this  report  to  the  client  or  as  to  the 
productivity,  proper  operation,  or  profitableness  of  any  oil, 
gas,  or  other  mineral  formation  or  well  in  connection  with  which 
such  report  may  be  used  or  relied  upon. 
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SUMMARY  OF  POROSITY  DATA 


Sample 

Number 


Depth, 

ft. 


Grain 

Density, 

a/cp 


Cal cul ated 

Overburden  Effective  Porosity.  %  bulk  volume 
Stress,  psi  0  Specified  Stress  0  500  psi  Stress 


23 

208-218 

2.56 

144 

35.?/  < 

30.7 

26 

238-248 

2.55 

170 

37.6 

34.5 

29 

268-278 

2.55 

195 

/S36.2 

33.5 

32 

298-308 

2.54 

220 

/  v  /  / 

33.0 

35 

328-338 

2.53 

244 

35.7 

33.6 
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February  7,  1989 


Mr.  Kelly  Teague 
Woodward-Clyde  Consultants 
Oakland  City  Center 
500  12th  Street,  Suite  100 
Oakland,  CA  94607-4014 


Subj  ect : 
File : 


Petrographic  Study  (X-ray  Diffraction  and 
Thin  Section  Petrography  Analyses) 

189015 


Dear  Mr.  Teague: 


N> 


This  report  presents  the  final  results  of  a  Petrographic  Study 
performed  on  five  (5)  unconsolidated  samples  .  The  Petrographic 
Study  includes  analyses  by  X-ray  Diffraction  (XRD)  and  Thin  Section 
Petrography  of  Samples  No. 23  (208-218  feetfx No . 26  (238-248  feet), 
No. 29  (268-278  feet),  No. 32  (298-308  feet),  and  No. 35  (328-338 
feet)  . 

\  v 

\  *****  v 

It  has  been  a  pleasure  performing  this  study  for  Woodward-Clyde 
Consultants.  Should  you  have  any  questions  about  these  analyses, 
or  if  we  can  be  of  further  assistance,  please  do  not  hesitate  to 
contact  us. 


Sincerely, 


CORE  LABORATORIES 
Reservoir  Geology  Group 

Debra  J.  Malek 
Petrologist 


x 


> us&v-  P- 

Susan  P.  Grier 
Supervisor 
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SUMMARY 


The  Reservoir  Geology  Group  of  Core  Laboratories  in  Irving,  Texas, 
received  five  (5)  unconsolidated  sediment  samples  on  January  13, 
1989,  from  Woodward-Clyde  Consultants.  The  designated  sample 
numbers  are  the  following:  No. 23  (208-218  feet  depth),  No. 26  (238- 
248  feet  depth),  No. 29  (268-278  feet  depth),  No. 32  (298-308  feet 
depth),  and  No. 35  (328-338  feet  depth).  The  purpose  of  this  report 
is  to  supply  petrologic  data  about  the  samples  to  Sierra  Pacific 
Resources,  a  client  of  Woodward-Clyde  Consultants.  X-ray 
Diffraction  analyses  of  the  bulk  and  clay  fractions  and  Thin 
Section  Petrography  analyses  were  performed  op,  each  of  the  five 
samples.  The  objectives  of  this  study  were  to  characterize  the 
lithology  and  textures  of  the  samples,  with  particular  attention 
to  the  abundance  and  distribution  of  carbonate  minerals,  pyrite, 
and  porosity. 

Analyses  reveal  that  the  samples  are  poorly  consolidated  tuffs  of 
volcanic  origin.  Primary  constituents  of  rock  fragments,  crystals, 
and  glass  shards,  are  set  in  a  groundmass  of  clay  and  devitrified 
glass.  A  general  description  of  each  sample  is  provided  in  Table 
1.  Rock  fragments  in  these  sampled .are/mostly  volcanics,  chert, 
sandstone,  and  argillite,  with  lesser  amounts  of  micrite  clasts  and 
undifferentiated  rock  fragments.  Crystals  include  plagioclase, 
quartz,  muscovite,  hornblende,  and  pyroxene?  The  average  size  of 
these  constituents  is  less  than  2  millimeters  (ash-size) ,  although 
fragments  up  to  8.58  millimeters  long  (lapilli-size)  were  measured. 
The  constituents  are  randomly  oriented  within  the  groundmass  of  the 
sample . 

Trace  abundances  of  calcite  cement  (Sample  No. 26)  and  pyrite 
(Samples  No.  26,  29,  32,  and  35)  were  observed  in  the  thin  section. 
Most  of  the  pyrite  in  these  samples  has  been  replaced  by  iron- 
oxides.  Iron-oxide  minerals  observed  in  these  samples  are  limonite, 
goethite,  and  magnetite?  / 

X-ray  Diffraction  analyses  reveal  that  variable  amounts  of  calcite 
(3.4  to  10.9  weight  percent)  and  pyrite  (0.4  to  1.7  percent),  as 
well  as  heulandite  (0.4  to  2.2  percent)  are  present  (Table  2). 
Thin  section  analyses  suggest  that  most  of  the  calcite  detected  by 
XRD  analyses  is  in  the  form  of  micrite.  The  range  of  weight 
percentages  of  the  minerals  reported  by  XRD  is  interpreted  to  be 
due  in  part  to  sample  heterogeneity. 

Porosity  observed  in  these  samples  is  mostly  comprised  of 
microporosity  and  porosity  within  the  groundmass.  Porosity  appears 
to  have  been  enhanced  by  disaggregation  r-f  the  poorly  consolidated 
samples.  Minor  to  trace  amounts  of  intragranular  porosity  is 
present,  mostly  in  the  form  of  isolated  moldic  pores  within  rock 
fragments,  and  less  commonly  as  fractures  through  grains. 
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ANALYTICAL  PROCEDURES 


A  Petrographic  Study  allows  for  characterization  of  reservoir  rock 
texture,  mineralogy,  and  porosity.  Information  about  the 
relationships  among  rock  textures,  detrital  grains,  cement  and 
matrix  composition,  and  porosity  characteristics  are  determined 
from  thin  section  analyses.  XRD  analysis  provides  mineral 
compositions  and  abundances. 

The  sample  fraction  selected  for  XRD  analysis  is  first  cleaned  of 
hydrocarbon  residue,  weighed,  and  disaggregated  using  standard 
techniques.  The  sample  is  then  centrifugally  size-fractionated  (in 
water)  into  a  clay-size  fraction  (less  than  4  microns)  and  a 
sand/silt-size  fraction.  The  clay  fraction  is/ suspended  in  water 
and  deposited  on  a  porous  silver  substrate.  Each  clay  fraction  is 
analyzed  dry  (RH=50%)  and  then  after  treatment  with  ethylene  glycol. 
The  sand/silt-size  fraction  is  made  into  a  pellet  using  standard 
powder  techniques.  The  prepared  samples  are  run  on  a  Philips 
APD3600  X-ray  diffractometer  at  a  slow  rate  (1  degree/minute)  with 
kv  =  1,  ma  =  35,  scintillator  kv  =  0.8,/and  a  time  constant  of  1. 

Compositions  and  species  of  the  clay  minerals  are  determined 
according  to  procedures  outlined  by  Weaver  (1956),  Jonas  and  Brown 
(1959) ,  Reynolds  (1980) ,  and  Srodon  (1980,  1984)  .  The  weight 
percents  of  the  rock-forming  minerals  in  both  size  fractions  and 
the  relative  abundances  of  the  clay  minerals  are  determined  by  a 
standardless,  peak-area-ratio  model.  The  detectability  limit  is  1- 
2  weight  percent. 

The  sample  fractions  are  prepared  for  Thin  Section  Analysis  by  first 
impregnating  the  sample  with  epoxy  to  augment  sample  cohesion  and 
to  prevent  loss  of  material  during  grinding.  A  blue  dye  is  added  to 
the  epoxy  to  highlight  the  pore  spaces.  Each  sample  is  mounted  on 
a  frosted  glass  slide  and  then  cut  and  ground  in  water  to  an 
approximate  thickness  of  30  microns.  Samples  containing  known  water- 
soluble  phases  are  prepared  using  odorless  kerosene.  Prepared  thin 
sections  are  subsequently  stained  for  calcite  (Alizarin  Red-S 
stain) ,  iron-bearing  carbonates  (potassium  ferricyanide  stain) ,  and 
potassium  feldspar  (sodium  cobaltinitrate  stain)  as  necessary.  The 
thin  sections  are  analyzed  using  standard  petrographic  techniques. 
The  terminology  in  this  report  is  that  of  Folk  (1980)  and  Best 
(1982).  X,  %// 


2 


REFERENCES 


Best,  M.G.,  1982,  Igneous  and  Metamorphic  Petrology:  W.H.  Freeman 
and  Company,  San  Fransico,  CA,  p.  69-95. 

Folk,  R.L.,  1980,  Petrology  of  Sedimentary  Rocks:  Hemphill 

Publishing  Company,  Austin,  Texas,  p.  184. 


Goddard,  E.N.,  P.D.  Trask,  R.K.  DeFord,  O.N.  Rove,  J.T.  Singewald, 
and  R.M.  Overbeck,  1980,  Rock  Color  Chart:  Geological  Society  of 
America,  Boulder,  Colorado.  * 

/> 

Jenkins.  R.  ,  Y.  Hahm,  and  S.  Pearlman,  1979,  The  APD3600,  a  new 
dimension  in  qualitative  and  quantitative  x-ray  powder 
dif fractometry :  Norelco  Reporter  26. 

Jonas,  E.C.  and  T.E.  Brown,  1959,  Analysis  of  interlayer  mixtures 
of  three  clay  mineral  types  by  X-ray  diffraction:  Journal  of 

Sedimentary  Petrology,  Volume  20,  p.  77-86. 

Reynolds,  R.C.  Jr.,  1980,  Interstratif ied  clay  minerals,  in  G.W. 
Brindley  and  G.  Brown,  eds.,  Crystal  structures  of  clay  minerals 
and  their  X-ray  identification:  Mineral  Society  of  London,  p.  249- 
303.  _  X/ 


Schreiner,  W.N.  and  R.  Jenkins,  1983,  Profile  fitting  for 
quantitative  analysis  in  x-ray  powder  diffraction:  Advances  in  X- 
Ray  Analysis  26p. 

Srodon,  J.,  1980,  Precise  identification  of  illite/smectite 

interstratifications  by  X-ray  powder  diffraction:  Clay  and  Clay 

Minerals,  Volume  28,  401-411. 

Srodon,  J.,  1984,  X-ray  powder  diffraction  identification  of  illitic 

materials:  Clays  and  Clay  Minerals,  Volume  32,  p.  337- 

349. 


s 


Weaver,  C.E.,  1956,  Th 

sedimentary  rocks:  Amer 


he  distribution  of  mixed-layer  clays  in 
ican  Mineralogist,  Volume  41,  p.  202-221. 


3 


Woodward- Clyde  Consultants 
Unconsolidated  sediment  samples 


TABLE  1 


FILE:  189015 


Sample  Number: 

Sample  Depth  (Feet): 


Rock  Type 
Rock  Name 

Primary  Constituents: 
(In  order  of  estimated 
abundance) 


Alteration  Minerals: 
(In  order  of  estimated 
abundance) 

Grain  Size 

Minimum: 

Maximum: 

Average: 

Orientation: 

Cement/Matrix: 

Texture: 

Porosity  Types: 

Comments: 


THIN  SECTION  ANALYSES:  GENERAL  DESCRIPTION 


23  26  29 

208-218  238-248  268-278 


Volcaniclastic 
Lithic  lapilli  tuff 


Volcaniclastic 
Lapilli  ash  tuff 


Rock  fragments  (chert,  argillite.  Rock  fragments  (volcanics,  chert, 

sandstone,  volcanic,  undifferentiated),  sandstone,  argillite,  undifferentiated, 

plagioclase,  quart'r,  glass  shards,  micrite),  plagioclase,  quartz,  glass 

pyroxene,  potassium  feldspar  shards,  muscovite,  hornblende 

//\xJ 

Undifferentiated  clay,  iron-oxides.  Undifferentiated  clay,  devitrified  glass, 

devitrified  glass  /  /  iron-oxides,  pyrite 


Volcaniclastic 
Lapilli  ash  tuff 

Rock  fragments  (volcanics,  chert, 
sandstone,  argillite,  undifferentiated, 
micrite),  glass  shards,  plagioclase, 
quartz,  pyroxene,  hornblende 


Undifferentiated  clay,  devitrified  glass, 
iron-oxides,  cristobal i te,  pyrite 


8. 0-11. 0mm  (lapilli) 

Random  orientation  of  grains  in  matrix 
Undifferentiated  day,  devitrified  glass 
Hypocrystal line 

Fractures,  moldic  pores,  microporosity  in 
groundmass 

Most  of  this  thin  section  consists  of 
r  ;k  fragments;  pyrite  has  been  altered 
to  ire  -oxides 


j 

0.02mm  (ash) 
3.80mm  (fapilli) 
0.55mm  (ash) 


Random  orientation  of  grains  in  matrix 


/\ 


Undifferentiated  clay,  devitrified  glass  Undi 


0.02mm  (ash) 

8.58mm  (lapilli) 

0.71mm  (ash) 

"V 

Random  orientation  of  grains  in  matrix 

/  /\> 

ndi f ferent i e 


iated  clay,  devitrified  glass 


Hypocrystal line 


Hypocrystal line 


Microporosity  and  porosity  in  grounctnass.  Microporosity  and  porosity  in  groundmass, 
fractures  (caused  by  sample  disaggregation)  trace  of  intragranular  pores 


Trace  of  pyrite  (most  is  altered  to 
iron-oxides);  minor  detrital  clasts  of 
silty  micrite  are  present 


Minor  silty  micrite  clasts;  trace  of  pyrite 


Woodward -Clyde  Consultants 
Unconsolidated  sediment  samples 


TABLE  1 

THIM  SECTION  ANALYSES:  GENERAL  DESCRIPTION 


FILE: 


Sample  Number: 

Sample  Depth  (Feet): 


32 

298-308 


35 

328-338 


Rock  Type 
Rock  Name 

Primary  Constituents: 
(In  order  of  estimated 
abundance) 


Alteration  Minerals: 
(In  order  of  estimated 
abundance) 


Grain  Size 

Minimum: 

Maximum: 

Average: 

Orientation: 

Cement/Matrix: 

Texture: 

Porosity  Types: 

Comments: 


Volcaniclastic 
Lapilli  ash  tuff 


Volcaniclastic 
Lapilli  ash  tuff 


Rock  fragments  (volcanics,  chert,  micrite.  Rock  fragments  (volcanics,  chert,  argillite, 
sandstone,  argillite,  undifferentiated),  sandstone,  undifferentiated), 
glass  shards,  plagioclase,  quartz,  glass  shards,  plngioclase,  quartz, 

pyroxene,  hornblende-  /  /  X.  pyroxene 


Devitrified  glass,  undifferentiated 


ted  clay,  Und 


Undifferentiated  clay,  devitrified  glass. 


iron-oxides,  cristobalite,  pyrite  iron-oxides,  minor  crystalline  carbonate 


V 


0.03mm  (ash) 

2.03mm  (lapilli) 

0.29mm  (ash) 

Random  orientation  of  grains  in  matrix 
Undifferentiated  clay,  devitrified  glass 
Hypocrystalline 

Microporosity  and  porosity  in  grourxtnass 


Amygdaloidal  volcanic  rock  fragments; 
silicified  biopackstones;  minor  silty 
micrite  clasts;  trace  of  pyrite 


cement ;  trace  of  pyr i te 


0.05mm  (ash) 


2.96mm  (lapilli) 

0.40mm  (ash) 

Random  orientation  of  grains  in  matrix 

Undifferentiated  clay,  devitrified  glass 

Hypocrystal line 

localized  microporosity  in  groundmass,  trace 
of  intragranular  microporosity 

Fractures  and  most  pores  in  matrix  appear 
to  be  caused  by  sample  disaggregation; 
minor  silty  micrite  clasts 


189015 
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File  :  189015 


Depth  (Feet) 


QUARTZ 

PLAGIOCLASE 

ALKALI  FELDSPAR 

CALCITE 

HEULANDITE 

PYRITE 

CLAY  MINERALS 


Table  2 


QUANTITATIVE  X-RAY  DIFFRACTION  ANALYSES 


208-18 


238-48 


268-78 


298-308 


328-338 


62.5 

18.6 
0.0 
3.4 
1.8 
0.5 

13.2 

100.0 


58.0 

42.0 


CALCULATED  W IOLE - ROCK  CCMPOS I T I ON 


4 


53.4 

44.9 

47.4 

63.2 

22.3 

21  .2 

27.0 

17.9 

1.7 

0.0 

0.0 

10.9 

8.2 

4.6 

4.1 

212} 

1  .4 

3.5 

4.3 

0.5 

1  •  7 

0.7 

0.4 

lVrt 

//  20.9 

16.9 

10.2 

100.0 


100.0 


Av 

/V 


100.0 


/  /  /  /  \x 

RELATIVE  CLAY  ABUNDANCE  t No rma  1 iz e d  t o  100 ) 


43.6 

56.4 


44.1 

55.9 


55.1 

44.9 

100.0 


100.0 


66.8 

33.2 

100.0 


ILLITE 

SMECTITE 


100.0 


100.0 


100.0 


THIN  SECTION  PHOTOMICROGRAPHS 


31X:  Horizontal  width  of  the  photomicrograph  (127mm) 


4 . 097mm. 

jr 

J 


Horizontal  width  of  the  photomicrograph 
1.016mm. 


function  of 


represents 


125X: 


(127mm)  represents 


Woodward-Clyde  Consultants 
For  Sierra  Pacific  Resources 


File:  189015 


SAMPLE  NO.  23 


DEPTH:  208-218  Feet 


PLATE  1A 


The  thin  section  of  Sample  No. 23  is  composed  mostly  of  pebble-sized 
rock  fragments.  This  view  depicts  one  of  the  pebbles,  a  poorly 
sorted,  medium-grained  sandstone  which  is  tightly  cemented  by 
quartz.  Framework  grains  in  this  pebble,  which  is  classified  as  a 
litharenite,  include  quartz  (E4.5,  J3.5),  chert  (H-J 6.5),  sandstone 
(Gl) ,  argillite  (H9) ,  and  plagioclase  (H4-4.5).  Other  pebbles  in 
this  thin  section  include  chert,  chert  arenite,  and  claystone  (may 
have  originally  been  an  igneous  rock  fragment) .  Porosity  within  the 
pebbles  in  Sample  No. 23  consists  of  mipor  amounts  of  isolated  moldic 
pores.  (31X,  crossed  polarizers) 


X 


This  highly  magnified  view  depicts  a  well-sorted,  fine-grained, 
chert  arenite  pebble.  Framework  grains  are  mostly  monocrystalline 
quartz  (A10,  E13.5)  and  chert  (H14,  Dl,  A7.5).  This  pebble  is 
tightly  cemented  by  abundant  chert  (K7,  G5  to  E10)  and  authigenic 
quartz  overgrowths  (A9--9 . 5)  .  Several  elongate  undifferentiated 
particles,  such  as  the  one  in  the  center  of  this  view  (F3-J5  to  Cll- 
D13)  are  present  in  this  pebble.  These  undifferentiated  particles 
may  represent  fossil  fragments.  (125X,  crossed  polarizers) 
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Woodward-Clyde  Consultants 
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File:  189015 


SAMPLE  MO .  26 
DEPTH:  238-248  Feet 

PLATE  2 A 

This  photomicrograph  illustrates  three  rock  fragments  (centered  at 
B3 ,  D14,  and  H5)  in  a  groundmass  of  undifferentiated  clay  and 

devitrified  glass.  The  rock  fragment  at  B3  is  of  volcanic  origin, 
and  contains  crystals  in  a  glassy  groundmass.  The  rock  fragments 
at  D14  and  H5  are  sandstones.  Porosity  in  ^Sample' -No .  26  consists 
mostly  of  micropores  (H0-0.5)  and  pores  (K3.5,  K12)  within  the 

groundmass.  Porosity  in  the  groundmass  -Inay  have  been  enhanced  by 
sample  disaggregation  during  sample  handling.  Fractures  within 
grains,  although  interpreted  to  be  natural's  in  origin,  are  rare. 

( 3 IX ,  plane-polarized  light) 


This  high  magnification  photomicrograph  taken  under  crossed 
polarized  light  highlights  glass  shards  (C-G5,  C-D7) ,  pyroxene  (E- 
F6.5),  monocrystalline  quartz  (A-B3.5-4),  and  chert  (B7.5)  in  a 
groundmass  of  undifferentiated  clay.  (125X,  crossed  polarizers) 
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File:  189015 


SAMPLE  NO.  29 


DEPTH:  268-278  Feet 


PLATE  3 A 


This  view  of  a  lapilli  ash  tuff  shows  rock  fragments  (H8-14,  ji, 
A? )  ,  subhedral  crystals  (plagioclase ;  C3)  ,  and  glass  shards  (C- 
D13.5)  in  a  groundmass  comprised  mostly  of  undifferentiated  clay. 
Minor  amounts  of  micrite  clasts  (A3,  A4.5)  are  also  present.  Much 
of  the  porosity  within  the  groundmass  of  this  sample  (blue  epoxy; 
F— G15.5,  Dll)  may  be  an  artifact  of  sample  disaggregation. 
Intragranular  pores  within  rock  fragments  are  present  in  trace 
amounts  (H13.5).  (31X,  plane-polarized  light) 


Microporosity  within  a  clay-rich  matrix  is  depicted  by  this  highly 
magnified  view  of  the  sample  (D4.5,  J-K4-6) .  Glass  shards  in  the 
sample,  such  as  the  one  located  at  G3 ,  are  easily  identified  by 
their  distinctive  shape  and  their  isometric  optical  character. 
(125X,  plane-polarized  light) 
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File:  189015 


SAMPLE  NO .  32 
DEPTH:  298-308  Feet 

PLATE  4 A 

This  photomicrograph  provides  a  general  overview  of  the  sample, 
illustrating  the  large  range  in  sizes  of  the  constituents  within 
the  groundmass.  Most  of  the  constituents,  Which  include  rock 
fragments,  crystals,  and  glass  shards,  are  ash-size  (less  than  2 
millimeters;  A12) ,  and  less  commonly,  lapilli-size  (between  2  and 
64  millimeters;  CO-9).  (31X,  plane-polarized  light) 
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File:  189015 


SAMPLE  NO.  35 


DEPTH:  328-338  Feet 
PLATE  5A 

This  photomicrograph  displays  a  general  overview  of  a  volcaniclastic 
sample,  a  lapilli  ash  tuff.  Silicate  minerals  comprise  most  of  the 
rock  fragments  and  crystals  in  this  sample.  Rock  fragments  in  this 
view  include  chert  (F7) ,  volcanic  rock  fragments  (A7-8) ,  argillite 
clasts  (F14 ,  G4.5),  and  plagioclase  (B9) w  An  open  fracture  is 
located  at  Kl-3. 


Glass  shards  (A15-E16)  and  vitric  rock  fragments  (Bll,  Jl)  appear 
dark  in  this  view  under  crossed  polarizers.  A  chert  grain  is 
located  at  G9 5X ,  crossed  polarizers) 
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February  22,  1989 


Woodward-Clyde  Consultants 
Oakland  City  Center 
500  12th  Street,  Suite  100 
Oakland,  CA  94607-4014 

Attention:  John  Thackston/Kelly  Teague 

Subject:  Porosity  Measurements 
Hole  #WCPW  No.  1 
File  Number:  SCAL-89027 

Gentlemen: 

Five  unconsolidated  sediment  samples  from  the  subject  site  were 
supplied  by  the  Dallas  Petrological  Services  Lab  for  effective 
porosity  at  overburden  determinations.  These  measurements  were 
performed  in  conjunction  with  a  Petrographic  study  (PETR  189015) 
previously  reported  on  February  7,  1989.  Final  results  are 

enclosed . 


The  submitted  material  first  was  dried  in  a  vacuum  oven  at  220 °F 
for  a  period  off  72  hours,  then  the  grain  density  of  a 
representative  portion  of  each  sample  was  determined  using  a 
calibrated  matrix  cup.  / This  information  was  used  to  calculate 
the  in-situ  net  stress  (overburden)  for  each  sample  assuming  the 
mean  depth,  40  percent  porosity,  a  water  table  at  190  feet,  and  a 
water  density  of  0  g/cc.  Next,  a  known  volume  of  each  sediment 
sample  was  placed  inside  a  rubber  sleeve  located  within  a 
pressure  vessel,  and  the  calculated  triaxial  stress  applied. 
Lastly,  helium  was  .injected  into  each  sample  and  the  pore  volume 
determined  directly  by  gas  expansion  (Boyle's  Law).  Bulk  volumes 
of  the  samples  were  obtained  by  adding  the  corresponding  grain 
volumes  and  pore  volumes.  Porosities  were  determined  from  the 
measured  pore  volumes  and  calculated  bulk  volumes. 


Test  results  are  presented  on  the  following  page.  Since  the 
reconstituted  samples  are  likely  to  have  a  higher  porosity  than 
the  undisturbed  in-situ  samples,  a  second  measurement  was  made  at 
an  arbitrarily  chosen  higher  overburden  pressure  (500  psi)  . 
These  additional  measurements  were  performed  at  no  charge. 
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Page  Two 


Thank  you  for  this  opportunity  to  be  of  service.  Please  contact 
us  if  you  have  any  questions  about  the  enclosed  data  or  if  we 
may  be  of  any  additional  service. 


Very  truly  yours, 


Michael  W.  Dann,  Laboratory  Supervisor 
Enhanced  Oil  Recovery 
Dallas  Core  Services 


MWD: BES : ed 
Enclosure 


This  report,  based  on  observations  and  materials  supplied  by  the 
client,  is  prepared  for  the  exclusive  and  confidential  use  by 


// 

the  client.  The  analyses,  opinions,  or  interpretations 

/  yv  \ 

contained  herein  represent  the  judgment  of  Core  Laboratories; 
however,  Core  Laboratories  and  its  employees  assume  no 
responsibility  and  make  no  warranties  or  representations  as  to 
the  utility  of  this  report  to  the  client  or  as  to  the 
productivity,  proper  operation,  or  profitableness  of  any  oil, 
gas,  or  other  mineral  formation  or  well  in  connection  with  which 
such  report  may  be  used  or  relied  upon. 
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SUMMARY  OF  POROSITY  DATA 


Sample  Depth, 
Number  ft. 

23  208-218 

26  238-248 

29  268-278 

32  298-308 

35  328-338 


Grain 
Density, 
q/cc 


Calculated 

Overburden  Effective  Porosity,  %  bulk  volume 
Stress,  psi  @  Specified  Stress  @  500  psi  Stress 


30.7 

34.5 

33.5 
33.0 

33.6 
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APPENDIX  J 

CALCULATION  OF  GROUNDWATER  FLOW  VOLUME  THROUGH  SELECTED 
HYDROGEOLOGIC  CROSS-SECTIONS  AND  ESTIMATES  OF  VOLUMETRIC 
GROUNDWATER  RECHARGE  RATES  IN  THE  TOANO  DRAW  SUBBASIN  USING 

RESULTS  FROM  TRITIUM  ANALYSIS 
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APPENDIX  J 


1.0  CALCULATION  OF  GROUNDWATER  FLOW  THROUGH  HYDROGEOLOGIC  CROSS  SECTIONS 
DEVELOPED  FROM  TDEM  GEOPHYSICAL  PROFILES 

Estimates  of  the  volume  of  groundwater  flowing  through  hydrogeologic 
cross  sections  were  calculated  utilizing  subsurface  profiles*  developed  from 
a  TDEM  survey  performed  in  the  project  vicinity  (Figures  J-V.and  J-2). 


Development  of  the  geophysical  profiles  is  discussed  in  Section  3.2.2; 


location  of  the  profiles  is  depicted  on  Figure  3-2. 


The  volume  of  groundwater  flowing  through  a  cross  section  was 
calculated  from  the  equation* 


where 


Q  =  volume  of  water,  cubic  feet  per  day 
k  =  hydraulic  conductivity  of  aquifer  materials,  feet/day 


i  =  hydraulic  gradient,  dirpefis  ion  less 

A  =  cross-sectional  area  of  saturated  aquifer  lying  between  lines  of 


The  mean  hydraul i  ^conductivity  of  aquifer  materials  was  estimated  from 
available  aquifer  test  data  for  wells  in  the  vicinity  of  each  profile.  The 
cross-sectional  area  of  each  profile  was  calculated  from  scale  drawings. 

The  hydraulic  gradient  was  estimated  from  hydraulic  head  differences  in 
wells  oriented  parallel  to  flow  path  lines  oriented  normal  to  the  cross- 
sectional  plane. 
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2.0  ESTIMATES  OF  VOLUMETRIC  GROUNDWATER  RECHARGE  RATES  IN  THE  TOANO  DRAW 
SUBBASIN  USING  RESULTS  FROM  TRITIUM  ANALYSES 

Estimates  of  volumetric  groundwater  recharge  rates  were  calculated 
using  results  from  laboratory  analysis  for  the  presence  of  tritium  in 
groundwater  samples.  Tritium  is  a  radioactive  isotope  of  hydrogen  that  has 
a  half-life  of  12.26  years.  Tritium  is  present  in  atmospheric  (meteoric) 
water  and  its  presence  in  groundwater  is  a  good  indicator  that  some 
component  of  the  groundwater  is  a  result  of  recharge  within  the  past  few 
decades.  Tritium  was  analyzed  in  water  from  eight  wells  in  the  Toano  Draw 


Subbasin  and  was  detected  in  four  of  the  wells:  TW-3,  TW-15,  Toano  No.  1 
(40-65-24bd) ,  and  Fivemile  Draw  (41-66-33a). 


For  estimating  purposes,  it  was  assumed  that 


1.  Groundwater  recharge  occurs  on  a:  Ti;rge  scale  in  areas  underlying  the 
Quaternary  and  Late  Tertiary  channelized  alluvium  the  areal  extent  of  which 
has  been  estimated  to  total  approximately  12,200  acres  based  on  geologic 
mapping  (Figure  3-1). 

2.  The  average  vertical 'si  inear  velocity  of  groundwater  moving  through  the 
vadose  zone  is  equal  to  the  distance  between  the  ground  surface  and  the 
water  table,  di  vid^lfjPti^e  maximum  travel  time  indicated  by  the  presence 
of  tritium,  35  years.  This  is  a  conservative  assumption  in  that 
groundwater  containing  tritium  could  be  less  than  35  years  and  thus  actual 
recharge  rates  woulUJjKfyigher  than  the  estimated  rate.  The  average 
vertical  linear  velocify^as  estimated  from  the  following  wells  which  had 
detectable  quantities  of  tritium. 
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WELL 

TRITIUM 

CONCENTRATION 

tritium  units,  T(u) 

DEPTH 

TO  WATER 

(ft.) 

VERTICAL 

LINEAR 

VELOCITY 

(ft./yr. ) 

TW-3 

0.06  +-  0.09 

192.5 

/>  5.5* 

TW-15 

0.15  +-  0.09 

2H.9  i/ 

Toano  #1 

0.60  +-  0.09 

98.0 

2.8 

Fivemile  Draw 

1.25  +-  0.09 

3.6 

AVERAGE  VERTICAL 

LINEAR  VELOCITY  = 

4.2  ft./yr. 

\  1  w  & 

Note:  *value  not  used  in  calculating  average  vertical  linear  velocity 
because  analytical  error  may  indicate  that  tritium  is  not  present. 

//]  L. 

3.  The  well  locations  at^htch  tritium  was  detected  are  representative  of 
recharge  rates  within  the  central  portions  of  the  Subbasin  that  are  covered 
by  Quaternary  and  Late  Tertiary  Channelized  alluvium. 

4.  The  volumetric  flow  rate  of  water  moving  through  the  vadose  zone  is 
equal  to  the  average  vertical  linear  velocity  multiplied  by  the  effective 

X,;  / 

porosity  of  the  sediment  that  transmits  moisture. 

Groundwater  recharge  rates  were  estimated  using  the  following  relationship: 


R  =  VoA 
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Where, 


R  =  volumetric  recharge  rate,  acre-feet/year 
V  =  average  vertical  linear  velocity,  feet/year 
o  =  ratio  of  void  space  that  transmits  water  to  total  void  space 
of  the  vadose  zone  sediment,  dimensionless 
A  =  area  of  channelized  unconsolidated  alluvium,  12,200  acres 


Volumetric  recharge  rates  were  estimated  assuming  the  vo^j  space  that 
transmits  moisture  is  equal  to  15,  20,  and  25  percent /dKfhe  vadose  zone 
sediment.  Thus,  estimates  of  volumetric  recharge  rates  in  the  Toano  Draw 
subbasin  for  the  stated  saturated  effective  porosity  are: 


o  =  15%,  R  =  7,690  acre-feet/y 
o  =  20%,  R  =  10,250  acre-feet/year 
=  25%,  R  =  12,810  acre-f^et/year 
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